TECHNICAL  REPORT 
66-9-CM 


SYNTHESIS 

OF 

CHROMOTROPIC  COLORANTS 


C  I 


FOR  r 

'll' 

"Haiv-j 


0  i ,  7,^  J /3  . 


by 

Ralph  A.  Cohman,  Walter  H.  Foster, 
John  Kazan,  and  Marion  Mason 


.■I 


American  Cyanamid  Company 
Bound  Brook,  New  Jersey 


Ct-cCc  { 


M  r  . 


Contract  No.  DAI9-I29-AMC-269(N) 


,  t 


t  ■ 


February  1966 


UNITED  STATES  ARMY 
9  NATICK  EABORATORIiS 
Natick.  Massachusetts  01  760' 


Clothing  and  Organic 
Materials  Division 
TS-138 


TECHNICAL  REPORT 
66-9-CM 


SYNTHESIS 

OF 

CHROMOTROPIC  COLORANTS 


CLEARINGHOUSE 
FOR  FKh:  V .  n;  "['.'ir  ,\\D 

tech N’i'  \n.-iN 


Hardcopy  v.:u»  ci’icne  '  V  * 

1  *  ] 

.lM'0  0-  t, //4p ^ 

■  -  -»  li 


r  vi 


y*  J*.  y 

(.  f-e<  o  r 


» 1  ;  i 


;  \ » 

l:i"  •-  j*. 


by 

Ralph  A.  Cohman,  Walter  H.  Foster, 
John  Kazan,  and  Marion  Mason 


American  Cyanamid  Company 
Bound  Brook,  New  Jersey 


.ir':  Contract  No.  DAI9-I29-AMC-269(N) 

i  *  ?  I 


»  » 


February  1966 


UNITED  STATES  ARMY 
*  NATICK  LABORATORIES 
Natick.  Massachusetts  Of! 6-0" 


Clothing  and  Organic 
Materials  Division 
TS-138 


The  findings  in  this  report  are  not  to  he  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


Citation  of  trade  names  in  this  report-  does  not  constitute 
an  .  ffieial  indorsement  or  approval  of  the  use  of  such  items. 


DDC  AVAILABILITY  NOTICE 
Distribution  of  this  document  is  unlimited. 


Destroy  this  report  when  no  longer  needed, 
it  to  the  originator. 


Do  not  return 


Distribution  of  this  document 
is  unlimited. 


AD 


TECHNICAL  REPORT 
66-9-CM 


SYNTHESIS  OF  CHROMOTROPIC  COLORANTS 


ty 

Dr.  Ralph  A.  Coleman 
Project  Leader 

Dr.  Walter  H.  Foster,  Jr.  Dr.  John  Kazan 

Mrs.  Marion  Mason 

American  Cyanamid  Company 
Bound  Brook,  New  Jersey 


Contract  No.  DA19~129-AMC-269(N) 


Project  Reference: 
1K0-2M+01-A113 


Series:  TS-I38 


February  1966 


U. S.Army  Materiel  Command 
U.S.ARMY  NATICK  LABORATORIES 
Natick,  Ifessachusetts 


FOREWORD 


Chromotropy  is  a  well-known  phenomena  which,  in  the  general  field 
of  colorants  for  textile  surfaces,  has  been  considered  to  be  trouble¬ 
some  and,  therefore,  a  matter  to  be  avoided.  Other  activities  involving 
chromotropy  have  utilized  colorant  systems  which  cannot  be  adapted  to 
textile  materials. 

This  report  covers  the  first  year  of  effort  in  a  three-year 
program  designed  to  synthesize  colorant  systems  that  may  have 
applicability  to  fibrous  substrates  as  part  of  a  general  plan  to 
develop  materials  that  could  be  useful  in  the  development  of  a 
dynamic  camouflage  system  for  the  individual  soldier.  The  study  is, 
aJ  present,  a  fundamental  synthetic  organic  effort  with  resolution 
of  the  properties  of  the  developed  colorants. 
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ABSTRACT 


In  a  study  of  photochromic  colorants  potentially  useful  for  a 
"chameleon"  type  camouflage  system,  a  number  of  metal  dithizonates  have 
been  synthetically  modified  by  introduction  of  groups  in  the  ortho,  ireta 
and  para  positions  of  both  phenyl  rings  of  dithizone.  The  resulting 
complexes  vere  tested  for  spectral,  photochromic  and  lightfastness 
properties.  While  spectral  changes  and  increases  in  both  solubility  and 
light fastness  were  affected  by  some  ortho  substituents,  the  photochromic 
properties  (photostationary  conversion  and  thermal  return  rate)  were  only 
slightly  affected  by  substitution. 

The  complexes  of  mercury  exhibit  the  best  all-round  performance 
uitho'igh  some  zinc  complexes  approach  the  performance  of  mercury.  The 
complexes  of  palladium  exhibit  potentially  useful  spectral  and  photo- 
chromic  behavior  that  is  quite  different  from  the  mercury  type  complexes 
and  more  application  research  is  recommended  regarding  the  incorporation 
of  these  palladium  complexes  in  textile  fibers. 

Fiber  reactivity  (on  nylon)  has  been  Introduced  into  the  mercury 
dithizonate  system  via  a  dichlorotriazinyl  reactive  group.  This  compound 
exhibited  photochromic  properties  when  reacted  with  nylon. 

Recommendations  for  future  synthetic  work  are  presented. 
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SYHTHKSIS  OF  CHRCMOBtCPIC  CGLGRAMB 


I.  GENERAL  INTRODUCTION 


Ihe  work  described  3n  this  report  was  carried  out  as 
part  of  the  program  to  obtain  background  data  on  colorant 
systems  that  might  be  used  to  develop  a  "chameleon"  type 
camouflage  system  for  protection  of  personnel  and  equipment 
in  various  environments. 

The  results  of  a  prior  feasibility  study'*-  in  this 
area  indicated  that  photochromic  colorants  currently  represent 
the  most  feasible  approach  for  the  development  of  a  "chameleon" 
camouflage  system.  In  its  simplest  form  a  photochromic  system 
consists  of  a  stable  (A)  and  a  metastable  (B)  form  in  a  photo¬ 
equilibrium. 


A  hv- _ -v  B 

Stable  c - r -  Metastable 


The  position  of  the  photoequilibrium  is  determined  at  any  time 
by  the  intensity  of  the  light  absorbed  by  A  (converting  into  B) 
and  by  the  temperature  of  the  substrate  and  of  B  which  returns  to 
A  as  the  result  of  thermal  vibrations  of  the  molecule.  During 
this  feasibility  study,  a  brief  evaluation  of  a  number  of 
presently  available  photochromic  compounds  Indicated  that  the 
system  based  upon  the  metal  complexes  of  dithizone  (diphenyl- 
thiocarbazone)  offers  the  following  advantages  for  photochromic 
camouflage : 

1.  Large  differences  in  spectrum  of  the  stable  (A)  and 
metastable  (B)  forms  (i.e.,  large  color  changes). 

2.  Fast  photo  and  thermal  rates  in  polymers. 

3.  Favorable  photostationary  conversions  (from  stable 
to  metastable  form)  afc  sunlight  intensity  levels. 

4.  Absence  of  complicating  side  reactions  (no  photo 
back  reaction). 

5.  lliermal  (dark)  return  rate  adjustable  by  the  use  of 
additives . 


6.  Good  photo stability  when  protected  with  a  near  ultra¬ 
violet  absorber. 

None  of  the  other  presently  available  photochromic 
systems  appeared  to  offer  this  unique  combination  of  favorable 
properties.  For  this  reason,  the  primary  synthetic  and  evalua¬ 
tion  efforts  during  the  first  year  of  the  present  three-year 
contract  were  directed  toward  synthetic  modification  of  the 
metal  dlthizonate  systems  with  the  specific  objectives  of: 


a.  Varying  the  jolor  of  the  stable  and  metastable 

forms. 

b.  Reducing  the  fast  thermal  return  rates  of  the 
nonmercury  complexes. 

c.  Inproving  the  light  fastness  of  the  system. 

d.  Exploring  fiber  reactivity. 

A  smaller  effort  was  also  directed  toward  synthetic 
modification  of  some  other  available  photochromic  systems. 


II.  SYMTHESIS 

A.  Introduction 


The  synthetic  effort  during  the  first  contract  year 
has  been  governed  by  the  considerations  outlined  in  Section  I. 
The  major  effort  was  concentrated  on  the  preparation  of  a 
variety  of  substituted  metal  dithlzonates  in  order  to  provide 
tne  compounds  necessary  for  the  proper  evaluation  of  this  system 
A  limited  portion  of  the  effort  was  directed  towards  other  areas 
such  as  fiber  reactivity,  modification  of  the  dithizonate  and 
other  systems,  and  theoretical  studies.  It  should  be  emphasized 
that  the  amount  of  time  spent  on  these  latter  areas  was  limited 
by  the  effort  necessary  to  prepare  and  purify  to  analytical 
grade  the  sixty-odd  dithizonate  derivatives  made  during  the  year 

B.  Results  and  Dlsousslon 

The  substituted  metal  dithlzonates  (diphenylthio- 
carbazonates )  were  prepared  by  two  general  synthetic  procedures. 
The  monodithizonates  and  certain  bisdithizonates  were  prepared 
by  an  extraction  procedure  using  a  two-phase  system  consisting 
of  water  and  an  organic  solvent,  while  the  bulk  of  the  bis¬ 
dithizonates  were  prepared  in  a  homogeneous  solvent  system. 

The  stable  and  rapid-forming  bisdithizonates  were  prepared  by 
the  homogeneous  procedure;  the  acid  sensitive  monodithizonates 
and  certain  bisdithizonates  that  formed  slowly  were  prepared 
by  the  two-phase  method.  These  procedures  offered  no  difficulty 
except  in  the  case  of  certain  mercury  compounds  where  there  was 
a  tendency  to  form  mixtures  containing  chloromercurydithizonates 
(I)  rather  than  bisdithizonates  unless  an  excess  of  ligand  was 
used. 
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TABLE  I 

Summary  of  Compound  Numbers  of  Metal  Dlthizonates 


Metal 


R 

M 

Zn 

Cd 

IT" 

~Jd 

B1  Afi 

Pt 

H 

14* 

10* 

13* 

15  # 

£-Ethyl 

12 

18 

17 

19 

8 

6 

9 

£- Ethyl 

30 

31 

33 

32 

59 

o-Methoxy 

3 

4 

7 

16 

5 

11 

m-Methoxy 

52 

53 

51 

£-Methoxy 

44 

60 

61 

50 

£-Trifluoromethyl 

24 

25 

29 

27 

28 

£-Chloro 

20 

22 

21 

23 

26 

m-Chloro 

4o 

39 

43 

42 

41 

£-Chloro 

35 

34 

37 

36 

38 

£-Fluoro 

46 

47 

48 

49 

m-Fluoro 

54 

56 

58 

62 

' 

£-Fluoro 

55 

57 

64 

63 

*10  Triphenyllead  1,5-diphenylthiocarhazonate 
*13  Phenylbismuth  bis  (1,5-diphenylth.iocarbazonate ) 

*14  jD-Anunophenylmercury  1,5-diphenylcarbazonate 

*15  6- Dichloro-_s-triazin-2-yl )amin^7phenylmercury  1,5-diphenyl 

thiocarbazonate 

1  l,5-Di(£-methoxyphenyl )thiocarbazone 

2  l,5-Di(o-ethylphenyl )thiocarbazone 
65  1,5-Diphenylcarbazone 

Note:  These  compound  numbers  (I-65)  are  those  given  on  the  data 
sheets • 
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I 

Difficulties  in  purification  were  encountered  with 
derivatives  of  ligands  containing  halogen  substituents  and  with 
lead  and  cadmium  compounds.  These  resulted  from  Insolubility 
and  a  tendency  to  decompose  when  purification  was  attempted 
using  high  boiling  solvents.  A  few  of  the  derivatives  formed 
molecular  compounds  with  solvents.  A  model  fiber  reactive 
compound  (II)  (Compound  15)  was  prepared  by  treating  jc-amino- 
phenylmercurydithizonate  (Compound  14)  with  oyanuric  chloride 
in  the  presence  of  sodium  bicarbonate. 


Cl 


II 

Since  the  palladium  dithizonates  have  spectral  and 
photochromic  properties  different  from  those  of  the  mercury 
class  of  compounds,  it  was  thought  that  these  changes  might 
be  due  to  a  different  type  of  chelrtion,  i.e.,  Ill  Instead 
of  IV.  If  III  is  a  possible  form,  3-methyl thio-l,5-diphenyl- 


formazan  (V)  should  form  a  palladium  derivative  similar  to  III 
under  the  conditions  for  the  preparation  of  the  palladium 
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Attempts  to  acetylate  the  derivative  resulted  either  in  no  reaction  o.  in 
the  formation  of  amorphous,  insoluble  solids  which  charred  and  did  not 
melt.  Methylation  led  to  the  formation  of  3-oethylthio-l, 5-diphenylformazan 
fv) .  Unsuccessful  procedures  for  the  preparation  of  the  ligand  have  included 
(a)  the  reaction  of  N,N-methylphenylthiosemicarbazide  with  nitrosobenzene 
(Eq.  l);  (b)  an  exchange  reaction  between  the  phenylhydrazine  salt  of 

/3  -phenyldithiocarbazic  acid  and  phenylmethylhydraztne  (Eq.  2)  to  form  the 
unsymmetrical  compound,  followed  by  conversion  of  this  material  to  the  un- 
symmetrical  thiocarbazide  (x)  with  oxidation  of  the  latter  to  the  thio- 
carbazone  (IX);  and  (c)  reaction  between  N-isothiocyano-N-methylaniline 
and  phenylhydrazine  (Eq.  3)  to  give  the  thiocarbazide  (xj.  The  mercury 
derivative  of  the  ligand  produced  in  this  reaction  was  shown  to  be 
mercury  bis(dithizonate).  However,  since  this  compound  is  a  minor 
product  of  the  reaction,  further  work  on  the  procedure  is  warranted. 


CH^  S 

ll 


CHo  S 

II 


] .  0-N-NH-C-HHg  +  ON-0  - 0-N-HH-C-N=N-0  +  H20 

IX 


II  ^  OIl3 

2.  0-NH-NH-C-SH  .  HHg-NH  -  0  +  NHg-N  \\ 


CH~ 


1 


0-NH-NH-C-NH-N  ^ 


V®3 


s 

-  II  /CH3 

0-NHNH-C-SH  .  NH0-Nf  J 
2  \ 


i 


3.  0-N-NH-  C=S  +  HHgNH-0 
CH, 


S 

II 


0-N-NH-C-NH-NH-0 


CH- 


A  limited  amount  of  work  has  been  carried  out  on  diphenylcarbazone 
(XI)  and  its  derivatives. 
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Diphenylcarbazone  was  prepared  and  an  attempt  was  made  to 
synthesize  its  mercury  derivative  (XII).  The  resulting  purple 
solid  had  a  very  poor  analysis  for  compound  XII.  A  study  of 
the  analysis  indicates  that  the  product  is  a  mixture  of  mercury 
chelates  in  which  both  protons  on  the  ligand  have  been  replaced. 
This  result  is  in  accord  with  the  work  of  Balt  and  Van  Dalen3. 
The  preparation  of  the  di-ortho-ethyl  derivative  of  diphenyl- 
carbazone  (XIII)  is  almost  complete,  with  the  purification  of 
the  compound  remaining  to  complete  the  synthesis. 


The  preparation  of  compound  XIV,  a  modified  spiropyran,  is 
still  under  investigation,  since  the  reaction  of  1, 3,3- t rime thy i- 
indoline  and  l-nitroso-2-naphthol  gave  a  complex  mixture,  the 
components  of  which  have  not  been  characterized. 


CH3  CH3 


G.  Experimental 

Except  for  the  ligands  reported  in  this  paper,  all 
others  were  prepared  in  a  company- sponsored  program  which  was 
not  connected  with  the  contract  (the  ligands  were  prepared  by 
the  procedure  of  Hubbard  and  Scott^  with  modifications). 
Physical  data  on  tne  compounds  prepared  will  be  found  on  data 
sheets  at  the  end  of  the  report. 
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Homogeneous  Solvent  System  for  the  Preparation  of  Dlthizonate 
derivatives  (Procedure  1)  “ 

The  dlthizone  (dlphenylthlocarbazone )  (l  or  2  g.)  was 
dissolved  in  100  ml.  of  refluxing  tetrahydrofuran,  and  a  solution 
of  the  metal  salt  in  20  ml.  of  water  was  added.  The  solution  was 
refluxed  5-15  minutes  and  solid  sodium  bicarbonate  was  added  in 
cases  where  the  color  Indicated  that  tne  reaction  was  not  pro¬ 
ceeding  to  conclusion.  Ihe  resulting  mixture  was  drowned  in 
200-800  ml,  of  water  and  the  solid  isolated  by  filtration.  In 
cases  where  an  oil  was  formed,  it  was  extracted  into  methylene 
chloride,  the  solution  was  dried  and  the  solvent  was  removed  by 
evaporation.  The  product  was  purified  by  chromatography  and/or 
crystallization. 

Two-Phase  System  for  the  Preparation  of  Dlthizonate 3 
(Procedure  2)  ’ 

Hie  metal  salt  was  suspended  or  dissolved  in  a  mixture 
of  100  ml.  of  methylene  chloride  or  benzene  and  100  ml.  of  a 
hydrochloric  acid,  phosphate  buffer  (pH  7)  or  sodium  bicarbonate 
solution;  the  dithizone  was  added  in  portions  (or  all  at  once  in 
the  case  of  slowly  reacting  systems).  Hie  organic  layer  was 
separated  from  the  aqueous  solution  and  washed  with  ammonium 
hydroxide  and  water.  Drying  followed  by  evaporation  of  the 
solvent  gave  a  residue  which  was  purified  by  crystallization 
or  chromatography.  In  cases  where  a  solid  was  formed  during 
the  reaction,  giving  a  three-phase  system,  the  solvent  was 
evaporated  from  the  mixture  and  the  product  was  Isolated  by 
filtration  and  purified  by  crystallization. 

Preparation  of  Fiber  Reactive  Compound  li;  (II)  (Procedure  3) 

The  |>-aminophenylmercurydlthizonate  (Compound  1-4 )  was 
dissolved  in  a  9-1  mixture  of  acetone  and  water  and  two  equiva¬ 
lents  of  sodium  bicarbonate  and  one  equivalent  of  cyanuric 
chloride  were  added.  The  resulting  solution  was  stirred  at 
Ice  bath  temperature  for  15  minutes  and  drowned  in  ice  water. 
Filtration  and  crystallization  from  acetone  gave  the  pure  product 
as  orange-red  plates. 

Preparation  and  Purification  of  Diphenyl oarba zone  (XI) 
(Compound  65 )  (Procedure  4) 

Diphenylcarbazone  was  prepared  from  commercial  diphenyl- 
carbazide  by  air  oxidation  in  the  presence  of  potassium  hydroxide. 
The  product  was  purified  by  the  procedure  of  Da  Silva,  Calado 
and  De  Moura5. 

Preparation  of  l,5-Dl-£-ethylphenylcarbazone  (XIII) 

l,5-Di-£- ethylphenyl-3-nitroformazan,  prepared  by  the 
procedure  of  T-rbell  et  al.°,  m.p.  105.5-106.5  ,  was  converted 
to  5-hydroxy-2,3-bis(o-ethylphenyl)tetrazolium  betaine  (explosion 
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point  159°)  by  a  rood  If  ication  of  a  procedure  reported  by  Dubenko 
and  Pelkis? .  The  betaine  was  reduced  with  ammonium  hydrosulfide 
to  the  corresponding  carbazide,  m.p.  152-153°,  and  the  latter 
was  oxidized  to  the  carbazone  with  air  using  potassium  hydroxide 
in  methanol.  Purification  of  this  compound  is  not  complete. 

Attempted  Preparation  of  Mercury  Bis(l,5-dlphenylcarbazonate) 


Mercuric  acetate  was  allowed  to  react  with  diphenyl- 
carbazone  according  to  Procedure  2  to  give  a  bronze-purple  solid, 
m.p.  159-160 0  (chloroform-methanol). 

Analysis:  Cal  o’ d  for  Cgg-^oNgC^Hg:  C  45.9;  H,  3.17;  N,  16.5; 

Hg,  29.5. 

Found:  C,  27.2;  H,  1.91;  N,  9.6; 

Hg,  57.2. 

Reaction  of  3-Methylthlo-l ,5-dlphenyl  Formazan  (V)  with 
Palladium  Chloride 

Hie  reaction  was  carried  out  using  the  same  procedure  (2 
utilized  for  the  preparation  of  the  palladium  dithizonates.  The 
product  isolated  was  an  insoluble  orange  solid  which  charred  above 
28c°  but  did  not  melt. 

Analysis:  Calc'd  For  CogHo&NaSaPd:  C,  52.1;  H,  4. 06;  N,  17.4; 

S,  9.9;  Pd,  16.5. 

Found:  C,  37.6;  H,  3.46;  N,  12.5; 

S,  8.1;  Pd,  25.4. 

Attempted  Preparations  of  Mercury  Bls(l-methyl-l,5-dlphenvl- 
thlo car ba zona te )  (Vt,  R-dHg)  4  *  4  ^  K  1 

(A)  Treatment  of  mercury  bis(dithizonate )  with  methyl 
iodide  in  the  presence  of  sodium  hydroxide  gave  a  black  solid 
which  when  purified  by  chromatography  gave  as  the  only  isolable 
product  3-methylthio-l,5-diphenylforraazan,  m.p.  128-129°  (mixed 
melting  point  with  an  authentic  sample  gave  no  depression). 

Hi  in  layer  chromatography  indicated  the  product  gave  the  same 
Rf  value  as  the  authentic  material. 

(B)  N-  Isothiocyano-N-methylanilir.e  was  prepared  from 
pherylmethylhydrazine  and  thiophosgene  by  a  modification  of  the 
method  of  Beckett  and  Dyson“.  The  oil  was  treated  with  phenyl- 
hy'irazine  in  ethanol  to  give,  after  a  complicated  workup,  a 
small  quantity  of  a  t-hio carbazone .  Mercuric  chloride  treatment 
of  the  thiocarbazone  from  several  reactions  gave  a  red  solid 
which  when  crystallized  from  n-butyl  alcohol  melted  with  charring 
at  192-194 r.  Comparison  of  tEe  infrared  spectrum  of  the  solid 
with  that  of  authentic  mercury  bis(dithizonate )  indicated  that 

it  was  predominantly  composed  of  tne  latter  material. 
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Attempted  Preparations  of  Mercury  Bis(l-acetyl-l,5diphenyl- 
thiocarbazonate )  (VI,  RCOCH3J 


(A)  Mercury  bis(dithizonate)  in  acetic  anhydride  was  refluxed  in 
the  presence  of  a  small  quantity  of  aluminum  chloride.  Thin  layer 
chromatography  and  the  melting  point  and  mixed  melting  point  indicated 
that  the  product  was  starting  material. 

(B)  Mercury  bis(dithizonate)  in  pyridine  was  treated  with  acetyl 
chloride.  A  yellow  precipitate  formed  which  was  insoluble  in  organic 
solvents  and  did  not  melt  below  300°  (charred  above  that  temperature). 

III.  EVALUATION 

A.  Introduction 


In  order  to  determine  if  the  specific  objectives  of  the 
synthetic  program  (listed  in  Section  I)  were  being  accomplished,  it  was 
necessary  to  develop  a  standardized  evaluation  procedure  which  would 
yield  unambiguous  results  permitting  conclusions  to  be  drawn  and  providing 
guidance  for  the  synthetic  effort. 

B.  Experimental 

1.  Solution  Studies 


Fhotochromic  systems  are  frequently  characterized  by 
spectral  and  kinetic  behavior  which  is  critically  dependent  upon 
environmental  conditions^,  The  thermal  return  of  the  present  metal 
dlthizonate  system  was  known  to  be  very  dependent  upon  the  proton  transfer 
ability  of  the  medium^.  Because  of  th*s,  and  particularly  since  the 
dithizonates  of  all  metals  except  mercury  were  known  to  have  very  fast 
thermal  returns,  rate  and  conversion  measurements  were  carried  out  in 
solvent  which  was  dried  to  remove  water. 

Msthylene  chloride  was  chosen  as  a  general  evaluation 
solvent  because  of  the  following  advantages  which  it  lias  over  the  other 
solvents  considered: 

1.  Easy  to  obtain  in  pure  form. 

2.  Good  solvent  for  organic  compounds. 

3.  Low  freezing  point  (-96. 7°G.)  which  facilitates  low 
tempe  rat  lire  studies. 

4.  Good  transmittance  to  allow  spectral  studies  from 

240-900  mjb(. 
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Three  grades  of  CH2CI2  were  used: 

Matheson  Coleman  and  Bell  No.  5509 

Matheson  Coleman  and  Bell  Spectral  Grade  (No.  SG-5509) 

Mallinckrcdt  Analytical  Reagent  Grade 

The  CH2CI2  was  d^ied  by  passage  through  a  column  of 
Linde  3A  molecular  sieves.  This  ”dry”  CH2CI2  was  stored  (over 
fresh  3A  sieves)  In  an  automatic  burette.  Karl  Fischer  titration 
of  this  "dry"  CH2Cl2  indicated  that  the  water  content  was  reduced 
to  approximately  10  p.p.m.  H20  as  claimed  in  the  Linde  liter¬ 
ature^  . 


Considerable  experimental  difficulty  was  encountered 
in  obtaining  reproducible  thermal  return  measurements  in  this 
CH2CI2 o  Different  batches  of  dried  CH2CI2  showed  large 
variations  and  each  batch  showed  variations  with  age.  Return 
rate  measurements  on  mercury  bisdithizonate  were  used  to 
standardize  each  dried  bai ch  of  CH0CI2.  These  measurements 
varied  from  a  room  temperature  hair  life  of  5C-60  minutes  for 
’"dry”  material  to  two  to  three  minutes  for  material  which  had 
apparently  picked  up  water  (or  acids  or  bases).  C  v^-^ination 
of  some  of  the  batches  of  CH2CI2  by  substances  other  than  water 
seems  likely,  since  once  the  CH2CI2  gave  "dry"  performance,  it 
was  quite  stable  toward  contamination  by  atmospheric  water. 
Considerable  care  was  necessary  regarding  glassware  and  spectro- 
photometric  cells  during  handling  of  this  3H2CI2. 

For  the  standard  evaluation  procedure,  1-2  mg.  of 
each  dried,  purified  metal  dithlzonate  sample  was  weighed  out 
on  a  micro  balance  and  dissolved  in  25  ml.  of  the  CH2CI2. 
Appropriate  dilutions  were  made  in  10-ml.  volumetric  flasks 
and  spectra  of  unirradiated  and  irradiated  solutions  were  run 
on  the  Cary  14  recording  spectrophotometer  in  1-cm.  silica  cells. 
Uhirradiated  spectra  (stable  forms)  were  recorded  from  240  m,M 
(ultraviolet  cutoff  of  CH2CI2)  to  740  m iU  (instrument  limitation). 
For  irradiated  spectra,  the  near  infrared  recording  method  of 
the  Cary  l4  was  used.  With  this  method,  the  full  intensity  of 
a  strong  tungsten  lamp  (a  108-watt  CPR  projection  lamp.  General 
Electric  Company)  is  directed  on  the  sample*.  The  intensity  of 
this  lamp  at  490  m/4  is  approximately  15  times  that  of  full 
sunlight;  therefore,  the  conversions  obtained  with  this  lamp 
are  higher  than  those  obtainable  in  sunlight.  True  percent 
conversions  can  be  calculated  only  if  the  spectra  of  the  pure 


*An  Infrared  absorbing  KG- 3  filter  (*lsh  Schurman  Corporation, 
New  Rochelle,  N.  Y. )  was  placed  between  the  lamp  and  sample 
to  eliminate  heating  effects. 
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A  and  B  forms  are  known.  At  room  temperature  only  methyl- 
mercury  dithizonate  (Figure  l)  and  the  palladium  dithizonates 
(e.g..  Figure  5)  can  be  converted  to  pure  B.  The  percent 
conversions  for  all  of  the  mercury  type  complexes  were  cal¬ 
culated  (e.g.,  from  Figure  4  for  compound  3^  assuming  that  the 
molar  absorptivity  of  the  B  form  (at  Amax  )  was  one-half  that 
of  the  A  form  (at  Amax.)*  since  this  relationship  was  found 
for  methylmercury  dithizonate.  Since  the  A  form  showed  no 
absorption  at  the  Amax.  of  the  B  form,  and  since  the  initial 
absorbance  at  Amax.  °f  the  A  form  corresponded  to  the  total 
amount  of  complex,  the  percent  conversions  (for  the  mercury 
type)  were  calculated  from: 


%  Conversion 


Abs  (p.e.)B 

Abs  (lnt.)A  X  200 


where:  Abs  (p.e.)g  =  absorbance  at  photo  equilibrium  at 

A  max.  of  the  B  fornt 

Abs  (int.)^  =  initial  absorbance  (dark)  at  the 

Amax.  of  the  A  form 

Thermal  return  half  lives  were  measured  by  turning 
the  samples  over  with  the  intense  Cary  source,  then  monitoring 
absorbance  at  a  particular  wavelength  as  a  function  of  time, 
using  only  the  weak  monochromatic  light  beam  ordinarily  used 
in  the  Cary  for  measuring  spectra  in  the  visible  region. 

Plots  of  thermal  return  data  rarely  indicated  true 
first  order  kinetics.  The  first  order  plots  (log  percent  B 
remaining  versus  time)  were  usually  convex  toward  the  time 
axis,  so  that  calculated  ti  values  (for  the  very  slow  mercury 
compounds)  are  smaller  than  the  experimental  tiib..  No  detailed 
studies  of  concentration  effects  were  carried  dut,  but  the  ti 
value  would  undoubtedly  depend  on  concentration.  * 

2.  Film  Studies 


Approximately  5  mg.  of  sample  were  dissolved  in  a 
solution  of  5  g.  of  Tenite  ©  cellulose  acetate  (Eastman)  in 
25  cc.  of  acetone.  Films  were  cast  on  metal  plates  using  a 
25-mil  drawdovm  bar.  The  final  film  thickness  was  approx¬ 
imately  2  to  3  mils. 

Some  samples  were  insoluble  in  this  mixture  even 
after  standing  overnight  with  the  addition  of  2,5  cc.  of 
tetrahydrof'uran.  When  this  occurred,  the  compounds  were  not 
evaluated  further..  Such  insolubility  is  noted  on  the  data 
sheets . 
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The  procedures  for  measurement  of  spectra  and 
return  rates  were  the  same  as  used  with  solutions.  All 
spectra  were  corrected  for  absorption  and  scattering  by  the 
film  using  the  absorbance  at  700  m/^  where  the  complexes  did 
not  absorb. 

Light  fastness  was  evaluated  by  exposing  a  portion 
of  the  cast  film  in  a  holder  behind  a  UV  screen  on  a  south 
window  and  measuring  the  percent  remaining  at  various  time 
intervals.  The  test  was  not  designed  to  be  highly  accurate, 
but  to  show  a  measure  of  light  fastness  versus  mercury  bis- 
(dithizonate )  which  was  included  as  a  standard  in  all  exposure 
data.  Plots  of  log  percent  remaining  versus  sun-hours  exposed 
were  quite  straight,  indicating  a  first  order  reaction. 

Light  fastness  is  reported  on  the  data  sheets  as 
sun-hours  to  50$  fade.  Mercury  bis (dithizonate )  had  an  average 
value  of  42  hours  or  five  eight-hour  sun-days. 


0.  Results  and  Discussion 


For  comparison  purposes,  reference  data  for  some 
unsubstituted  metal  dithizonates*  are  listed  in  Table  II. 

Table  II 

Photochromic  Properties  of  Unsubstituted  Metal 
Dithizonates  in  "Dry11  Methylene  Chloride  at  Room  Temperature 


Visible 

Spectrum 

Estimated 

Thermal 

(Stable  Form) 

$  Conversion 

Return 

Compound 

A max.  1® M ) 

P, 

in  Cary  14 

Half  Life 

CH3HgDz** 

470 

31,500 

100 

50  min. 

HgDz2 

485 

63,700 

84 

6l  min. 

ZnDz2 

525 

ca.  90, 000 

60 

8  sec. 

CdDz2 

515 

ca.  85,000 

28 

Very  fast 

PbDz2 

510 

59,000 

26 

Very  fast 

BIDZ3 

490 

72,400 

32 

Very  fast 

AgDz  *^0 

460 

30,900 

50 

36  sec. 

PdDz2 

445 

35,300 

100 

19  sec. 

635 

31,800 

PtDz2 

420  sh 

19,700 

10 

Very  fast 

485 

28,4oo 

720 

23,600 

*Compounds  synthesized  under  previous  Cyanamid  sponsored  research, 

**Dz  =  C13H11N2|S 


\t 
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Brief  examination  of  the  data  in  Table  II  shows  how 
unique  Hg+2  ia  in  conferring  high  conversion  and  3low  thermal 
return  rates  to  this  photochromic  system.  The  effects  which 
the  synthetic  modifications  had  upon  the  properties  of  the 
metal  dithizonate  systems  are  presented  below. 

1. .Spectra 


a.  Mercury  Type 

On  the  basis  of  electronic  spectra.,  the  photochromic 
metal  dithizonates  of  Hg+2,  Zn+2,  Cd+2,  Bl+3  and  Ag+  are  all 
very  similar.  The  essential  features  of  these  spectra  (stable 
forms)  ares  (see  Figures  1.  2,  3,  4,  6,  7,  8  and  9) 

1.  A  single  benzenoid  absorption  band  at 
260-290  m/H.  ( £  =  5 >000  to  10,000  per 
phenyl  ring) 

2.  A  weak  shoulder  in  the  300-400  mjj>  region. 

3.  A  broad  (half -band  width  >100  mu)  intense 
band  (  £,  *  20,000-50,000  per  dithizone 
ligand)  appearing  at  445-560  m/(,  depending 
upon  the  metal  and  the  substituents  in  the 
phenyl  rings. 

Upon  exposure  to  light  which  is  absorbed  in  either 
the  ultraviolet  or  visible  absorption  bands,  the  visible 
band  shifts  to  longer  wavelength  (+100  to  165  m/A)  and,  when 
10#  converted,  absorbs  with  an  intensity  roughly  one-half 
that  of  the  stable  form.  The  benzenoid  band  in  the  ultra¬ 
violet  shows  much  smaller  changes,  usually  shifting  to  longer 
wavelengths  and  absorbing  more  strongly  in  the  metastable 
forms. 


The  substitution  of  groups  in  the  ortho,  meta  and 
para  positions  of  the  phenyl  rings  in  dithizone  produced 
changes  in  lpcatlon  and  intensity  of  the  various  bands  (i.e., 
Amax.  and  £max.)*  but  the  basic  features  of  the  spectra 
remained  the  same. 

Four  different  chemical  types  of  substituents  were 
studied:  alkyl,  fluoroalkyl,  alkoxy  and  halogen  (see 
Table  I).  The  complete  range  of  ortho,  meta  and  para 
substitution  was  studied  with  methoxy,  chloro  and  f luoro 
groups.  The  effects  vhich  the  various  groups  had  on  the 
spectral  properties  of  the  mercury  type  complexes  can  be 
seen  from  examination  of  the  data  in  Table  III.  This  table 
lists  Amax.  and  £max.  values  f°r  the  broad  visible  band 
(stable  forms)  of  tne  various  substituted  bis  complexes  of 
mercury  and  zinc.  Similar  effects  were  observed  for  the 
other  mercury  type  metals. 
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Table  III 


Effect  of  Phenyl  Substituents  on  the  Spectral 
Properties  of  Mercury  and  Zinc  Blsdlthlzonates  In 
"Dry11  Methylene  Chloride  at  Room  Temperature 


Mercury  _  Zinc 


Substituent 

i  Mnax «, 

£max . 

Amax. 

£max. 

H 

485 

63,700 

525 

ca.  90,000 

o- Chloro 

485 

49,000 

530 

75,000 

o-Ethyl 

475 

44,100 

515 

77,200 

o-J Fluor  o 

485 

52,800 

527 

84,100 

o~  Methoxy 

510 

46,100* 

558 

95,100 

cy-  Tr  if  luorome  thy  1 

445 

53,000 

500 

72,500 

m-Cnloro 

485 

60,900 

530 

89,300 

m- Fluoro 

485 

63,200 

528 

89,800 

m- Methoxy 

490 

64,200 

532 

88,100 

jo-Onloro 

495 

** 

540 

97,800 

jo -Ethyl 

498 

70,700 

54o 

94,900 

jo-Fluoro 

485 

56,800 

525 

87,100 

jo-Metnoxy 

510 

72,000 

5^5 

93,000 

♦Unanalyzed  sample  synthesized  under  previous  Cyanamid  sponsored 
research. 

♦♦Sample  too  Insoluble  in  CHgClg. 

From  the  data  in  Table  III,  it  is  apparent  that  met a 
substituents  have  very  little  effect  on  the  Amax.  or  £raaX. 
values  of  the  complexes.  In  the  para  position,  ethyl,  chloro 
and  methoxy  groups  caused  small  sn ifts  toward  longer  wavelengths 
and  small  intensity  increases.  Para  fluoro  groups  had  essentially 
no  effect.  ” 


The  largest  spectral  changes  were  produced  by  ortho 
substituents.  These  groups  generally  decreased  the  Intensity 
of  absorption  (  £  max.)*  Chloro  and  fluoro  groups  had  no  effect 
on  ?\max.  but  ortho- ethyl  and  ortho- tr If luorome thy 1  groups  caused 
blue  shifts,  the  latter  being  a  particularly  large  4o  m/4  shift 
(see  ^ure  3).  Ortho*  methoxy  groups  caused  large  red  shifts 
with  a  11  intensity  Increase  (for  zinc,  see  Figure  4). 

The  intensity  decreases  caused  by  most  of  the  ortho 
groups  are  probably  due  to  a  steric  inhibition  of  resonance 
effect  whereby  the  phenyl  rings  of  the  complex  are  forced  into 
a  noncoplanar  arrangement .  This  effect  might  also  account  for 
the  blue  shifts  caused  by  ortho-ethyl  and  ortho- trlfluoromrthyl 
groups.  With  methoxy  groups,  resonance  effects  apparently 
predominate. 


b.  Palladium  Type 
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In  the  case  of  palladium  and  platinum,  the  spectra  of  the 
stable  forms  (see  Figures  5  and  10)  consist  of: 

1.  Berzenoid  absorption  at  260-390  m//  similar  in  intensity 
to  that  of  the  other  metals,  but  comprised  of  more  than  one  band. 

2.  Two  or  more  bands  in  the  visible  appearing  around  h50  and 

620  m /A  (£  15,000  per  dithizone  ligand). 

Upon  exposure  to  light,  absorption  in  the  ultraviolet  band  or 
in  either  of  the  two  visible  bands  produces  small  changes  in  the  ultra¬ 
violet  band,  while  the  short  wavelength  (+35  )  with  little  change 

in  intensity  and  the  long  wavelength  visible  peak  shifts  into  the  near 
infrared  (750-850  ra/J  )  with  a  decrease  in  intensity. 

The  effects  of  substituents  on  the  spectra  of  the  palladium 
complexes  were  somewhat  similar  to  those  shown  by  the  mercury  type 
complexes.  One  notable  exception  was  the  ortho-trlfluoromethyl  group 
which  produced  a  much  smaller  blue  shift  in  the  palladium  spectrum. 

In  general,  the  long  wavelength  peak  in  the  spectrum  of  the  palladium 
complexes  was  quite  insensitive  to  the  substituents, 

2.  Photochromism  (Conversion  and  Return  Rates) 

Since  the  metal  dithizonate  system  appears  to  conform  to  the 
simple  model: 


hv 

A  - *  B 

(stable  ^  (metastable 
form)  form) 

an  adequate  characterization  of  the  photochromic  properties  is 
provided  from  determination  of: 

a.  The  position  of  the  photo stationary  conversion  at  a  given 
light  intensity,  specified  in  this  report  as  percent  conversion  from 
A  to  B. 


b.  The  thermal  (dark)  return  rate  (B  — *A),  specified  in 
this  report  as  the  experimentally  measured  half  life  (or  calculated 
half  life  assuming  first  order  kinetics). 
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Hie  data  sheets  (1-65)  list  measurements  of  these 
two  photochromic  properties  for  most  of  the  synthesized 
substituted  metal  dithizonates .  Because  of  the  experimental 
difficulties  involved  in  reproducibly  measuring  conversions 
and  return  rates  (see  Experimental),  it  js  not  possible  to 
interpret  these  values  rigorously;  however,  the  following 
features  are  significant: 

1.  Mercury  compounds  consistently  provide  high 
conversions  and  slow  thermal  return  rates. 

2.  In  the  mercury  family,  zinc  seems  to  provide  the 
closest  approach  to  the  mercury  properties,  while  Cd+2,  Pb+2, 
Bi+3  and  Ag+  were  consistently  poor  (i.e.,  fast  return  rates 
and  low  conversions). 

3.  Hie  various  substituents  in  the  phenyl  rings  did 
not  appear  to  exert  a  large  influence  on  the  conversions  and 
return  rates  of  the  complexes.  Ortho-methoxy  groups  did  seem 
to  cause  decreases  in  return  rate,'  but  these  changes  were 
small  compared  to  the  difference  in  properties  between 
mercury  and  the  other  metals. 

4.  Palladium  compounds  consistently, showed  high 
conversions  and  fairly  fast  return  rates  (ti<  1  min.).  Here 
also,  substituents  did  not  cause  large  changes  in  photo- 
chromism. 

3.  Stability  Studies 

a.  Light  Fastness 

All  compounds  were  examined  for  light  fastness  in 
solution-cast,  cellulose  aoetate  films  (see  Experimental). 

In  these  films,  the  photochromic  properties  of  all  the 
compounds  were  reduced  (i.e  .,  lower  conversions,  faster 
return  rates)  compared  to  "dry"  CH2CI2#  since  there  was 
moisture  in  the  films.  , 

Some  compounds  were  observed  to  be  light  unstable 
during  evaluation  of  photochromic  properties  in  the  "dry” 
CH2CI2.  In  the  case  of  compounds  6  (Figure  9),  10  (Figure  7) 
and  13  (Figure  8),  irradiation  in  the  Cary  14  caused  some 
decomposition.  Indicated  by  lack  of  complete  return  to  the 
stable  form. 

Hie  light  fastness  results  in  cellulose  acetate 
film  do  not  show  any  systematic  correlation  with  the  type 
of  substituent  or  its  position.  Ihe  limited  solubility  of 
some  mercury  and  palladium  dithizonates  prevented  obtaining 
as  complete  a  series  as  desired  with  these  compounds. 
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Table  IV  gives  the  available  data  on  light  fastness 
expressed  as  sun  hours  to  50 ^  fade.  Neither  the  bismuth  nor 
silver  dithizonates  are  included  in  the  table  since  only  a 
limited  number  were  made.  In  addition,  their  light  fastness 
was  relatively  poor. 


Table  IV 


Light  Fastness  of  Metal  Dithizonates  in  Cellulose 
Acetate  Film  (Sun  Hour-3  to  50#  Fade) 


Substituent 

- Trl-  ' 

fluoro- 


Metal 

Position 

H 

Ethyl  Methoxy  methyl 

Chloro 

Fluoro 

Mercury 

ortho 

4o 

12 

108 

52 

* 

* 

met  a 

4o 

- 

36 

56 

NE 

para 

4o 

32 

32 

- 

# 

NE 

Zinc 

ortho 

8 

36 

24 

20 

24 

met  a 

NE 

- 

68 

32 

NE 

para 

56 

44 

- 

32 

NE 

Palladium 

ortho 

32 

>80 

>80 

>80 

NE 

meta 

NE 

- 

* 

- 

* 

NE 

para 

48 

» 

- 

* 

NE 

Lead 

ortho 

4 

20 

32 

28 

NE 

meta 

NE 

- 

16 

- 

* 

NE 

para 

16 

16 

- 

* 

NE 

Cadmium 

ortho 

8 

8 

48 

* 

NE 

meta 

NE 

- 

- 

- 

NE 

NE 

para 

20 

- 

- 

* 

NE 

-  Compound  not  prepared. 

*  Compound  too  insoluble  to  evaluate. 


NE  -  Not  Evaluated. 

In  general,  the  metal  dithizonates  showed  the 
following  order  of  light  stability  with  respect  to  metal: 

Fd  >  Hg>  Zn^  Cd  »Pb  >Bi^>  Ag 

With  the  one  major  exception  of  mercury  bis- 
(o-methoxydithlzonate),  electron  donating  gi :>ups  seemed 
to  reduce  the  light  stability  of  Hg,  Cd  and  Pb  complexes. 
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While  electron  withdrawing  groups  seemed  to  increase  it. 

With  the  zinc  complexes,  the  reverse  was  true.  The  reason 
for  the  exceptional  light  stability  of  the  mercury  bis- 
(o-methoxydithizonate )  is  not  known  at  present. 

b.  Thermodynamic  Stability 

Some  of  the  Pd  compounds  showed  thermodynamic 
(dark)  instability,  particularly  compounds  16  and  38. 

These  changes  were  irreversible,  indicating  they  were  not 
merely  partial  conversion  to  the  metastable  forms. 

4.  Application  Studies 

a.  Fiber  Reactivity 

This  area  was  explored  (for  nylon  only)  by  synthesis 
and  evaluation  of  compounds  14  and  15.  The  dichlorotriazinyl 
group  present  in  compound  15  is  reactive  toward  hydroxyl  and 
amino  groups,  and  is  used  commercially  for  reactive  dyes  on 
cellulose. 


Using  compound  14  as  the  unreactive  analog  of  15, 
both  were  dyed  on  Spun  Nylon  6  fabric  and  on  samples  of 
thermally  resistant  nylon  received  from  Natick12*  Both 
compounds  dyed  easily  from  dispersion,  14  producing  a  red 
dyeing,  while  15  was  orange.  Portions  of  each  fabric  were 
treated  at  the  boil  in: 

1.  Neutral  soap  solution 

2.  Dilute  Na2C03  solution  (alkaline  fixation) 

All  fabrics  were  then  extracted  with  boiling 
propanol,  a  procedure  used  by  Scott  and  Vlckerstaffl3  to 
show  that  Proclnyl  ©  dyes  actually  react  with  nylon* 
Estimations  of  percent  dye  remaining  on  the  various  fabrics 
were  made  from  reflectance  readings*  Table  V  lists  the 
fixation  results  on  regular  Nylon  6  fabric. 

Table  V 


Fixation  of  Reactive 

Mercury  Dlthlzonate 

on  Nylon 

Treatment 

Relative  % 
Compound  14 

Relative  % 
Compound  15 

Untreated,  unextracted 

100 

100 

Untreated,  extracted 

26 

6l 

Soaped,  extracted 

24 

74 

Alkaline  fixed,  extracted 

20 

69 

(R)  Registered  trademark.  Imperial  Chemical  Industries,  Ltd. 
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The  difference  between  these  two  sets  of  extraction 
values  (14  vs.  15)  is  a  good  indication  of  reactivity  of  15 
toward  nylon.  Most  of  the  fixation  of  15  on  the  nylon 
appeared  to  occur  during  the  neutral  dyeing. 

Reflectance  measurements  on  the  untreated, 
unextracted  dyeing  of  14  and  the  alkaline  fixed,  extracted 
dyeing  of  15  showed  the  following  photochromic  properties 
(on  regular  Nylon  6  fabric): 


Table  VI 


Photochromlsm  of  Reactive  Mercury  Dlthlzonate  on  Nylon 


Compound 


Estimated  *  Conversion  Thermal 

in  Full,  Bright  Sunlight  Return  ti. 


14 

15 


15* 

36* 


9.4  min. 

5.4  min. 


The  applications  of  14  and  15  on  thermally  resistant 
nylon  samples  gave  results  quite  similar  to  those  found  on 
regular  Nylon  6  except  that  dyeings  on  the  Ca-form  fabric 
seemed  to  lead  to  precipitation  at  the  fiber  surface  rather 
than  solution  in  the  fiber. 


b.  Disperse  Eyeing 8 

Some  limited  attempts  were  made  to  apply  some  of 
the  nonmercury  dlthlzonates  to  textile  fabrics  by  disperse 
dyeing  methods.  Zinc  dlthlzonates  were  successfully  applied 
to  give  red  shades  on  nylon,  silk  and  wool,  but  these  dyeings 
were  not  usefully  photochromic. 

Attempts  to  dye  the  very  interesting  palladium 
compounds  on  textile  fibers  were  unsuccessful,  apparently 
because  of  the  lack  of  affinity  for  any  of  the  fibers.  It 
was  possible  to  incorporate  Pd  compounds  in  solution-cast 
films  (e.g.,  cellulose  acetate,  cyanoethylated  cotton  and 
acrylic  polymers),  but  the  photochromlsm  in  these  polymer 
films  was  much  less  (i.e.,  conversions  of  about  20*  and 
very  rapid  return  rates)  than  that  shown  in  "dry"  CH2C12. 


IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  synthetic  modifications  of  the  metal  dlthlzonate 
photochromic  system  described  in  this  report  brought  about 
some  large  spectral  shifts  for  the  stable  and  metastable 
forms  with  the  various  r  tals  and  some  small  Increases  in 
light  fastness  (e.g.,  01  o-methoxy  and  ortho- trlfluoro- 
methyl  derivatives). 
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The  photochromlc  properties— percent  conversion 
and  thermal  return  rate— were  relatively  insensitive  to 
substitution  in  the  phenyl  rings.  Any  mechanism  proposed 
to  explain  the  photochromism  of  the  metal  dithizonate 
system  must  be  compatible  with  this  somewhat  surprising 
result. 


Of  the  mercury  type  complexes,  mercury  Itself  is 
by  far  the  best  metal  for  ?ll-around  performance.  Only  the 
zinc  complexes  approach  the  performance  of  mercury.  The 
other  mercury  type  metals,  Cd+2,  Pb4"2,  Bl+3  and  Ag+,  are 
not  satisfactory  for  one  or  more  of  the  following  reasons; 

1.  Very  poor  solubility 

2.  Poor  photochromlc  properties 

3.  Poor  light  fastness 

The  palladium  complexes  exhibit  very  interesting 
properties  in  ^'dry"  CH2CI2,  but  these  properties  are  not 
presently  obtainable  in  polymers.  More  application  work 
will  be  necessary  in  this  area. 

Fiber  reactivity  (toward  nylon)  has  been  achieved 
with  a  mercury  dithizonate.  The  photochromlc  properties 
of  the  reacted  mercuxy  dithizonate  appear  to  be  unaffected 
by  the  covalent  attachment  to  the  fiber. 

Since  substitution  in  the  phenyl  rings  of  dithizone 
did  not  accomplish  all  of  the  specific  objectives  outlined 
in  Section  I,  it  is  recommended  that  the  synthetic  effort 
during  the  second  year  of  the  present  three-year  contract 
be  directed  toward  three  areas;  first,  a  more  fundamental 
modification  of  the  dithizonate  system;  second,  a  broader 
investigation  of  fiber  reactivity;  third,  an  Intensified 
search  for  new  photochromlc  systems.  In  order  to  show  in 
a  more  specific  manner  the  direction  the  work  will  take-in- 
each  of  these  areas,  some  exanples  of  the  systems  to  be 
studied  are  listed  below. 

Modified  dithizonate  systems  and  their  metal 
complexes:  This,  as  indicated  by  the  structures,  involves 
the  replacement  of  existing  atoms  or  groups  on  the  dithizone 
ligand  with  other  atoms  or  groups. 


X  <=  0,  NR 
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N  .  C„HQ 

\  /N  = 

Pv^NH-NH-^ 

CH  - 

X  =  S,  0;  Y  =  H,  etc. 

S"  °N 

NHNH - V _ y 

Fiber  Reactivity:  The  continuation  of  fiber 
reactivity  studies  (including  the  preparation  of  water- 
soluble  compounds)  on  the  dithizonate  system  and  the 
introduction  of  this  property  into  any  other  promising 
systems  found.  Studies  contemplated  on  the  dithizonate 
system  are  summarized  below.  (R  indicates  fiber  reactive 
group ) 
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New  Systems:  Ihis  would  include  the  study  of 
modification  of  existing  photochromic  systems,  other  than 
the  dithizonates,  including  pigment  types,  and  studies 
into  the  preparation  of  entirely  new  systems.  Examples 
would  include  modification  of  the  spiropyran  system  (I) 
currently  under  investigation;  the  preparation  of  new 
potentially  photochromic  compounds  such  as  (II);  and  the 
utilization  of  solid  state  photochromic  systems  such  as 
anils  (III)  and  nitrobenzylpyridines  (IV)  as  pigments  by 
direct  formation  on  the  fabric  or  by  laking  (precipitation 
of  sulfonic  acid  derivatives  with  heavy  metal  salts). 
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DATA  SHEETS  (Compounds  1-65 ) 

The  following  data  sheets  summarize  the  experimental  results 
obtained  on  the  65  compounds  synthesized  during  the  first  year  of  the 
present  three-year  contract. 

Infrared  Spectra  -  The  infrared  spectrum  for  each  compound  is 
given  at  the  top  of  the  data  sheet  (except  compounds  11  and  59>  since 
these  syntheses  did  not  yield  identifiable  products).  All  of  the  spectra 
presented  were  obtained  on  Hujol  mulls  on  the  Perkin-Elmer  Model  137 
"Infracord"  spectrophotometer. 

Synthesis  -  In  the  center  of  each  data  sheet  are  listed 
compound  number,  name,  structural  formula,  molecular  weight,  melting 
point,  appearance  (of  the  solid),  synthetic  procedure  (as  described 
in  Section  II,  pp.  3-10),  $  yield  (not  maximized,  ligands  varied  in 
purity)  and  microanalytical  data.  In  view  of  the  complexity  of  the 
compounds,  a  maximum  deviation  of  0-5$  was  set  as  the  general  limit 
for  an  acceptable  analysis.  In  a  few  cases  where  all  of  the  elements 
except  one  deviated  less  than  0.3$  from  theory,  the  analysis  was 
accepted  even  if  that  single  element  had  a  deviation  of  more  than 
0.5$.  Any  exceptions  to  this  are  noted  on  the  data  sheet. 

Spectral  Data  -  The  ultraviolet-visible  spectral  data 
listed  in  the  lower  left  of  the  data  sheets  were  obtained  on  the  Cary 
l4  spectrophotometer.  The  color  specifications  for  the  unirradiated 
and  irradiated  solutions  are  based  on  visual  observation  of  the 
standard  solution  in  CH2CI2  as  run  on  the  Cary  l4.  These  color 
specifications  are  quite  subjective  and  will  depend  on  concentration 
as  well  as  conversion  obtained  with  the  light  source  used.  The  A  max. 
values  are  given  in  millimicrons.  Shoulders  on  main  absorption  bands 
are  indicated  by  (sh).  The  absorption  Intensity  (at  A  max. )  is  listed 
under  £  ,  the  molar  absorptivity,  this  value  having  the  units  cm-1 
(moles  per  liter) “!• 

Fhotochromic  Properties  -  The  percent  conversion  values  are 
in  ail  cases  (except  for  these  compounds  showing  100$)  estimations 
assuming  that  the  basic  features  of  the  spectra  shown  by  the  mercury 
and  palladium  complexes  apply  also  to  the  ether  metal  dithizonates. 

The  conversion  values  listed  are  those  obtained  at  room  temperature 
during  irradiation  of  an  unstitred  solution  with  visible  light  from 
the  near-infrared  source  of  the  Cary  14.  The  thermal  return  half 
lives  are  taken  from  experimental  measurements  at  room  temperature 
from  the  $  conversion  listed  to  complete  return  to  the  stable  form. 

In  the  case  of  the  very  slow  mercury  compounds,  the  half  lives  were 
extrapolated  from  first  order  rate  plots. 


-26- 


Light  Fastness  -  These  results  are  based  upon 
sunlight  exposures  of  cellulose  acetate  films  behind 
ultraviolet  absorbing  screens.  The  compound  adopted  as 
a  standard,  mercury  bisdithizonate,  required  an  average 
of  42  sun-hours  to  reach  50#  fade. 

Remarks  -  This  section  lists  the  solvent(s) 
used  in  the  purification  of  the  compound,  the  photochromic 
properties  obtained  in  cellulose  acetate  film  and  observa¬ 
tions  of  unusually  poor  solubility. 


Compound  No. :  1  Name:  1 , 5 -Di ( o -methoxyphenyl ) th loc arbaaone 


Hoi.  Ht.:  316. 38  H.P. s  174-175 

Appearance:  Qreen  bronze  needles 

Synthetic  Procedure:  •  X  Yield:  56 

Analysis:  C  H  N  S 

Pound 

Calc. 


Spectral  Data 


Color  A  Max.  £  Thermal  Return,  Half  Life: 


Unirradiated 


Irradiated 


470  13,000 

64o  54,400 


X  Conversion: 

(Cary  14  Nit  Source) 

Llghtfaatness  in  C.A.  Film:  65 
(Sun  hours  to  50X  fade) 


Remarks:  ♦Hubbard,  D.  N.  and  Scott,  E.  S.;  J.  Am.  Chem.  Soc.  6£  2390  (1943). 
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4000  3CC0  2000  1500  CM-'  1000  900  800  700 


WAVELENGTH  (MICRONS) 


Caapound  Mo. :  2  Name:  l,5-Di(o-ethylphenyl)thlocarbazone 


CHgCH^ 


Mol.  Wt .  t  312.36  M.P.:  141-141.5 

Appearance:  Bronze  crystals 

Synthetic  Procedure:  *  X  Yield:  6l 

Analytic:  C  H  N  S 

Found 

Calc. 


Color  A  Max. 

£ 

Thermal  Return,  Half  Life: 

Unirradiated 

455 

15, 130 

X  Converalon: 

620 

46,100 

(Cary  14  MIR  Source) 

Llghtfaetneee  in  C.A.  Film: 

Irradiated 

(Sun  houra  to  50X  fade) 

Remark* :  *Hubbard,  D.  M.  and  Scott,  E.  S.;  J.  Am.  Chem.  Soc.  6£  2390  (1943). 
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Compound  No. :  3  Name: Zinc  bis/’’, S-liCo-methoxypbenylHhiocarbaaonate/ 


Hoi.  Wt.:  696.10  H.P.:  253-254  (d) 

Appearance:  Sparking  aaroon  crystals. 

Synthetic  Procedure;  1  X  Yield:  JO 

Analysis;  C  H  N  S  Zn 

Found  51.6  4.33  15.6  8.95  10.12 

Calc.  51.7  M6  16.1  9-20  9*l*0 


fmtnl  PiH 


Color 

£ 

Unirradiated  .  . 

Violet 

205 

36,400 

390  (eh) 

12,070 

558 

95,100 

Irradiated 

Weak  Violet 

720 

Thermal  Return,  Half  Life:  44  aec. 

X  Conversion:  49 

(Cary  14  NIR  Source) 

Lightfastnesa  in  C.A.  Film:  35 
(Sun  hours  to  SOX  fade) 


Remarks:  Cellulose  acetate  film,  $  conversion  40-45^,  thermal  return,  half  life 
ca.  20  sec.  Purification  solvent:  chloroform-methanol . 


‘•3G~ 


\ 


4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.  :  4 


Name:  Cadmium  bis/l, 5 -di(o-methoxyphenyl )thiocarbazonate7 


Mol.  wt.;  743.13  M.P. :  252-253 

Appearance:  Green  Iridescent  crystals. 

Synthetic  Procedure:  1  X  Yield:  9 6 

Analysis:  C  H  N  S  Cd 

Found  48.3  3-95  14.9  8.64  14.6 

Calc.  48.5  4.07  15-1  8.63  15.1 


Spectral  Data 


Color 

Ambx. 

1 

Unirradiated  Violet 

285 

35,400 

375  (■*) 

10,500 

550 

83,900 

Irradiated  Blue 

710 

Thermal  Return,  Half  Life:  3.4  min. 

X  Conversion:  66 

(Cary  14  NIR  Source) 

Llghtfaetneaa  In  C.A.  Film:  8 
(Sun  hours  to  50%  fade) 


Remarks:  Cellulose  acetate  film  -  #  conversion  30-35#,  thermal  return,  half  life  - 
ca.  50  sec.  Purification  solvent:  chloroform-methanol. 
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Compound  No.:  5  Name:  Bieauth  tr  i  s/l ,  5  -<li  (  o  -me thoxyphenyl ) thioc arbaxonat  «7 


Mol.  Wt.:  155.09 


M.P. :  206-1/2  - 
207-1/2 


Appearance :  Brown  Iridescent  crystals . 


Synthetic  Procedure: 


X  Yield:  60 


Analysis:  C  H  N  S  Bi 

Found  1*6.4  4.12  14.2  7.90  18.2 

Calc.  46.8  3-93  14.6  8.34  18.1 


Spectral  Data 


Color  ^Msx.  £, 

Unirradiated 

Pink  280  50,000 

520  77,200 

640  (sh)  13,800 

Irradiated 

Bluish  Pink  640 


Thermal  Return,  Half  Life:  less  than  30  sec 

X  Conversion:  Ion 

(Cary  14  NIR  Source) 

Llghtfaetnass  in  C.A.  Film:  26 
(Sun  hours  to  50X  fade) 


Remark*:  Cellulose  acetate  film  -  $  conversion  20-25 i,  thermal  return,  half  life  - 
4  min.  20  sec.  Purification  solvent:  chloroform -methanol. 
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WAVELENGTH  (MICRONS) 


Compound  No.:  6  Name:  Sliver  ^I,5-di(o-ethylphenyl)thiocarbaxonate7 


CHg-CHj 


Ag - S-C 


\ 


N-N 


Mol.  Wt.:  420.24  M.P. :  202-202-1/2  (d) 


Appearance :  Orange  solid . 


,'ynthetlc 

Procedure:  2 

X  Yield 

Analysis: 

C 

H  N 

S 

Found 

48.6 

4.45  13.5 

7.5 

Calc. 

48.7 

4.50  13.7 

7.6 

Pftta 


Color  A  Max. 

Unlrradlated 

Yellow  265 

300  (sh) 
450 

Irradiated 

590 


Remarks:  Decomposition  occurred  In  solution  on  irradiation.  Cellulose  acetate  film  - 
jt  conversion  35-4o£j  thermal  return,  half  life  in  excess  of  25  min. 
Purification  solvent:  chloroform-methanol. 


£  thermal  Return,  Half  Life:  Less  than  5  sec. 

%  Conversion:  low 

15,600  (Cary  14  NIR  Source) 

8,550 

23,900  Lightfastness  in  C.A.  Film:  2 

(Sun  hours  to  50%  fade) 
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Remark*:  Cellulose  acetate  film  -  25-30$  conversion,  thermal  return,  half  life  - 
1  min.  15  sec.  Purification  solvent:  chloroform-methanol. 


\l 
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Conpound  No , :  8  Name:  Palladium  bis/I,5-di(o-ethylphenyl)thiocarbazonate7 

M.P. :  236-236-1/2  (d) 


X  Yield: 
S 


78 


Color 

Amsx. 

£ 

Green 

275 

31,000 

Unirradiated 

305 

26,300 

445 

29,900 

630 

38,400 

Irradiated  Yellow 

it8o 

27,700 

785 

22,800 

Thermal  Return,  Half  Life:  Less  than  60  sec 

X  Converaion:  100 

(Cary  14  NIR  Source) 

Llghtfaatneas  in  C.A.  Film:  30 
(Sun  houra  to  507.  fade) 


Remarks:  Cellulose  acetate  film  -  #  conversion  50 -6036 ;  thermal  return  half  life  - 
lees  than  10".  Purification  solvent:  chloroform-methanol. 
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4000  3000 


2000 


1300 


CM-' 


1000  900 


800 


700 


WAVELENGTH  (MICRONS) 


Compound  No. : 


9  Name:  Platinum  bis/l ,  5 -di ( o-ethylphenyl )thiocarbazonat  c7 


Moi.Vt.:  818.06  M.P.:  225-226 

Arp«ar«nce:  Sparkling  purple  crystals. 

Synthetic  Procedure:  1  X  Yield:  50 

Analysis:  C  H  N  S  Pt 

Found  148.9  4.314  13.1  7.22  23.9 

Calc.  49.9  4.68  13.7  7.83  24.9 


Spectral  Data 


Color  A  Max. 

* 

Unirradiated 

Dull  Yellow  405 

19,000 

485 

22,300 

725 

Irradiated  83° 

28,300 

1,320 

Orange 

Thermal  Return,  Half  Life:  Less  than  5  sec. 

X  Conversion:  20 

(Cary  14  NIR  Source) 

Llghtfastneso  In  C.A.  Film: 

(Sun  hours  to  SOX  fade) 


Remarks:  Analysis  not  satisfactory  after  tvo  recrystallizations.  Purification 
solvents  used:  chloroform-methanol;  tetrahydrofuran -methanol. 


Color 

Amox. 

£ 

Thermal  Return,  Half  LlferLesa  than  30  eec 

Unlrradlated  fellow 

275  (eh 

)  21,700 

%  Conversion:  Low  -  with  decomposition. 

310  (eh 

)  8,880 

(Cary  14  NIR  Source) 

Irradiated 

Dull  fellow 

430 

570 

25,300 

Liglitfaetneea  in  C.A.  Film:  11 
(Sun  hours  to  50%  face) 

Remarks  •  Cellulose  acetate  film  -  $  conversion  1*5-5  Cff>;  thermal  re  turn,  half  life  - 
2  min.  45  sec.  Purification  solvent:  methanol. 
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Compound  No. :  11  Nana:  Platinum  M*/T,5sll(o-methoxyphenyl)thiocarbexonate7 


teiUti  Pit* 


Color  A  Mix.  jfc  Thermal  Return,  Half  Llfo: 

'Jnlrradiated  X  Converaion: 

(Cary  14  NIK  Source) 

Llghtfaatnaaa  In  C.A.  Fila: 

Irradiated  (Sun  houra  to  50X  fade) 


Remark*:  Attempts  at  preparation  did  not  yield  an  Identifiable  product. 


ipgSKlil 

wmmmtum 
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Compound  No.:  13  Name:Phenyl  bismuth  bis (1,5 -diphenyl thiocarbazonate) 

Mol.  Wt.:  916.12  M.P.:  135-136 

Rx  from  CHCL3 

Appearance:  Green  Iridescent  needles. 

Synthetic  Procedure:  2  X  Yield:  47 

Analysis:  C  H  N  S  Bi  Cl 

Found  43.3  2.99  12.1  6.96  22.8  10. ^ 

Ceic.  43.2  3.08  12.2  7.00  22.8  11. 5 

fractal  Patf 


Color  A  Max.  jfc  Thermal  Return,  Half  Life:  Less  than  10  sec. 

Unlrradleted  %  Conversion:  25-40^ 

Orange  272  40,200  (Cary  14  NIR  Source) 

490  48,700 

Lightfastness  in  C.A.  Film:  24 

Irradiated  (Sun  hours  to  50X  fade) 

Weak  Orange  600 


Remarks:  The  mole  of  solvent  of  crystallization  changed  vlth  solvent  of  recrystallization. 
Purification  solvent:  chloroform-methanol. 


40' 


4000  3000 


2000 


1500 


CM-'  1000  900 


800 


700 


WAVELENGTH  (MICRONS) 


Compound  No.:  14  Name:  £-Amlnophenyl  mercury (l, 5 -diphenylthiocarhazonate ) 


Mol.  Wt.:  5 **9.05  M.P, :  192-1/2  - 

193-1/2  (d) 

Appearance :  Orange  crystals . 

Synthetic  Procedure:  2  7.  Yield:  5 6 

Analysts:  C  H  N  S  Hg 

Found  1*2.0  3.06  12.9  5.8l  36.6 

Calc.  41.6  3.13  12.8  5.85  36.6 


Spectral  Data 


Color 

A  Max. 

£ 

Unlrradlatsd 

Yellow 

260 

31,20c 

470 

31,600 

Irradiated 

Blue 

268 

30,900 

585 

16, 400 

Thermal  Return,  Half  Life:  51  •  3  min. 

7.  Conversion:  100 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Film:  Not  evaluated. 
(Sun  hours  to  50%  fade) 


Remarks:  Purification  solvent:  acetone 
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Compound  No.:  15  Nun:  2-/C4,6-Dichloro-£-triaxija-2-yl)amiiw7phenylinercury- 

( 1,5  -dlphenylthlocarbaronate) 


Mol.  Wt.:  708.2  M.P. :  126-1/2  - 

127-1/2  (a) 

Appearance:  Orange  red  plates 

Synthetic  Procedure:  3  X  Yield:  83 

Analysis:  C  H  N  S  Cl  Hg 

Found  37.9  2.17  16.6  4.4l  9.84  28.5 

Calc.  38.0  2.32  16.1  4.6l  10.2  28.8 


tasiial  Bt&i 


Color 

A  Max. 

£ 

Unirradiated 

Tallow 

275 

470 

37,6oo 

31,100 

Irradiated 

Blue 

260 

590 

42,400 

16,200 

Thermal  Return,  Half  Life:  23-9  min. 

X  Conversion:  100  *  . 

(Cary  14  NIR  Source) 

LlRhtfastness  In  C.A.  Film:  30 
(Sun  hours  to  501  fade) 


Remarks:  Cellulose  acetate  film  -  f  conversion  Soft;  thermal  return,  half  life,  30  min. 
Furfioatlon  solvent:  acetone. 
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4000  3000  2000  1500  CM-'  1000  900  000  700 


Compound  No.:  l6  Name:  Palladium  bia^T ,  5 -di ( o -methoxyphenyl )thiocarbazonate/ 

1  Mol.  Wt.:  737*46  M.P.:  134  (d) 

Appearance :  Purple  solid 

Synthetic  Procedure:  2  7,  Yield:  69 

Analysis:  C  H  N  S  M 

Found  48.5  4.51  15.3  8.79  14.4 

Calc.  48.9  4.10  15.2  8.70  34.4 

Spectral  Data 


Color 

^Max. 

£ 

Unirradiated 

Green 

282 

29,800 

460 

26,600 

Irradiated 

640 

30,000 

Yellow 

495 

25,1'00 

775 

18,400 

Thermal  Return,  Half  Life:  Less  than  10  sec. 

7.  Conversion:  100 

(Cary  14  N1R  Source) 

Llghtfaatneas  in  C.A.  Film:  In  excess  of  50. 
(Sun  houra  to  507.  fade) 


Remark*:  Cellulose  acetate  film  -  56  conversion  90-10056;  thermal  return,  half  life  - 
less  than  10  sec.  Purification  solvent:  chloroform-methanol. 

Solutions  in  CH2C12  shoved  thermal  (dark)  instability. 


12  13  14  15 


WAVELENGTH  (MICRONS) 


Compound  No. :  17  Name  : Cadmium  ble^I,5-di(o-ethylphenyl)thiocarbaxonate7 


Cd  -b  S-C 


.~~§> 


Hoi.  Wt.s  735.24 


M.P.s  176-177  (d) 


Appearance:  Maroon  prisma. 
Synthetic  Procedure ;  1 


X  Yield:  78 


Analysis:  C  H  N  S 

Pound  55.5  5.23  14.9  8.33 

Calc.  55.5  5.21  15.2  8.72 


aattai  Pit* 


Color 


Attax. 


Unlrradlated 

Orange  273  29,350 

505  69,600 


Irradiated 


Dull  Blue  640 


Thermal  Return,  Half  Life:  12  eec. 

X  Conversion:  46 

(Cary  14  NIR  Source) 

Llghtfastnesa  In  C.A.  Film:  9 
(Sun  hours  to  50X  fade) 


Remarks:  Cellulose  acetate  film  -  i  conversion  20f>,  thermal  return,  half  life  -  45  sec. 
Purification  solvent:  benzene -methanol. 


IHliB 


,.44 


\ 


/  • 


4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  l8  Name:  Zinc  bi3/I, 5 -dl( o-ethylphenyl )thiocarbazonate7 


Mol.  Vt.:  688.10  M.P. :  163-164 

Appearance:  Green  Iridescent  needles. 


Synthetic  Procedure:  1  X  Yield:  93 

Analyala:  C  H  N  S 

Found  59.0  5.67  16.1  9-29 

C«Ic.  59.3  5.57  16.3  9.32 


Color  Ambx.  £ 

Unlrradtated 

Pink  275  29,300 

345  (ah)  8,600 

515  77,200 

Irradiated 

Pinkish  Blue  660 


Thermal  Return,  Half  Life:  Less  than  15  sec. 

1  Conversion:  Esc.  62 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Film:  7 
(Sun  hours  to  50%  fade) 


Remarks:  Cellulose  acetate  film  -  30#  conversion,  thermal  return,  half  life 
less  than  15  sec.  Purification  solvent:  benzene -methanol. 
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Compound  No. :  19  Name:  Lead  bie/I,5-di(o-ethylphenyl,  aiocarbazonate/ 


Mol.  Wt.:  831.63  M.P.:  173-1/2  - 

174-1/2 

Appearance :  ^  ,-oon  microcrystals 


Synthetic  Procedure:  1 


X  Yield:  92.5 


Analytic  C  H  N  S 
Pound  49.2  4.58  13.3  7.76 

Calc.  49.2  4.6l  13.5  7.73 


ictral  Data 


Color  Attax.  ;£  Thermal  Return,  Half  Life:l>ss  than  10  sec. 

Unirradiated  .  *  Conversion:  Low 

Orange  268  32,400  (Cary  14  Nil  Source) 

345  (ah)  11,800 

500  51,400  Llghtfaatncsa  in  C.A.  Film:  5 

Irradiated  (Sun  hours  to  50X  fade) 

620 


I 


Remarks:  Cellulose  acetate  film  -  est.  15$  conversion,  thermal  return,  half  life 
too  fast  to  measure.  Purification  solvent:  benzene -methanol. 


WAVELENGTH  (MICRONS) 


Compound  No. :  20  Name :  Mercury  bis/l,5-di(o-chlorophenyl)thiocarbazonate7 


Mol.  Wt.:  8W.89  M.P.  :  276-278-1/2  (u) 

Appearance:  Light  orange  needles. 

Synthetic  Procedure:  1  X  Yield:  75 

Analysis:  C  H  N  S  Cl  Hg 

Pound  37.1  2.19  13.2  7.56  16.8  23. u3 

Calc.  36.8  2.14  13.2  7-55  16.7  23.  b 

Spectral  Data 


Color 


Ambx. 


£ 


Thermal  Return,  Half  Life;  12  min. 


Unirradiated 

Orange 


270 

485 


Irradiated 

Blue 


600 


X  Conversion:  86 

31,600  (Cary  14  NIK  Source) 

49,000 

Lightfastneas  in  C.A.  Film: 
(Sun  hours  to  50%  fade) 


Remarks:  Compound  too  insoluble  in  cellulose  acetate  fijn  to  evaluate. 
Purification  solvent :  chlorobenzene . 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  21  Name:  Cadmium  bis^l,5-di(o-chlorophenyl)thiocarba2:onate7 


Mol.  Wt.:  760.82  M.P. :  279-280 

Appearance:  Orange  microneedles. 

Synthetic  Procedure:  1  X  Yield.  20 

Analysis:  C  H  N  S 

Found  40.1  2.29  14.8 

Calc.  la.o  2.28  14.8 


Spectral  Data 


Color  '^Max. 

£ 

Thermal  Return,  Half  Life:  9  sec 

Unirradiated 

520 

X, Conversion:  Est.  4 &f> 

(Cary  N1R  Source) 

Irradiated 

670 

Lightfastness  in  C.A.  Film: 

(Sun  hours  to  50%  fade) 

Remarks:  Poor  solubility  in  CH2CI2,  insoluble  in  ceHulose  acetate  film. 
Difficult  to  purify.  Purification  solvent-  tetrahydrofUran . 


I 
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WAVELENGTH  (MICRONS) 


Compound  No. :  22 


Name:  Zinc  bia/I, 5 -di(o-chloro phenyl )thiocarbazomvte7 


Zn 


Mol.  Wt.:  713.66  M.P. : 241-1/2  - 

242-1/2  (d) 

Appearance :  Green  iridescent  crystals . 
Synthetic  Procedure:  1  7-  Yield:  60 


Analysis: 

C 

H 

N 

S 

Cl 

Zn 

Found 

44.0 

2.6<o 

15.8 

8.82 

19.9 

9-17 

Calc. 

43.8 

2.54 

15.7 

8.98 

19.9 

9.16 

Spectral  Data 


Color 

Ambx. 

£ 

Unirradiated 

Pink 

280 

30,100 

370  (ch) 

11,600 

Irradi.  .ed 

530 

75,000 

Pinkish  Blue 

685 

Thermal  Return,  Half  Life:  l6  sec,  33  sec. 

7.  Converaion:  73 

(Cary  14  N1R  Source) 

Lightfastnesa  in  C.A.  Film:  1?  hrs. 

(Sun  houra  to  507.  fade) 


Remarks:  Cellulose  acetate  film  -  lOf,  conversion,  thermal  return,  too  fast  to  measure. 
Purification  solvent:  cblorof orm-methnnol . 


ABSORBANCE 
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4000  3000  2000  1300  CM-'  1000  900  800  700 


WAVELENGTH  (MICRONS) 


Compound  No.:  23  Name:  Lead  bia/I,5-di(o-chlorophenyl)thtocarbazonate7 


Mol.  Wt.:  856.19  M.P. :  2C1-1/2  - 

262-1/2 

Appearance :  grown  maroon  crystals. 

Synthetic  Procedure:  1  %  Yield:  76 

Analysis:  C  H  N  S  Cl  Pb 

Found  36.7  1.80  13.4  7.45  17.0  24.4 

Calc.  36.5  2.12  13.1  7-50  16.6  24.2 


Spectral  Data 


Color  Ambx. 


£ 


Thermal  Return,  Half  Life:  Less  than  10  sec. 


Unlrradlated 


Irradiated 


280  20,100  %  Conversion:  Low  9-10$ 

510  30,700  (Cary  14  NIR  Source) 

Lightfastness  In  C.A.  Film:  29 
(Sun  hours  to  507  fade) 


Remarks:  Cellulose  acetate  film  -  ca.  4£  conversion;  thermal  return  not  measurable. 
Purification  solvent:  chlorobenzene. 
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4000  3000  2000  1500  CM-  '  1000  900  800  TX) 


Compound  No. :  24  Name:  Mercury  bla/l, 5 -di( o-trifluoromethylphenyl )thlocarbazona+ e7 

Mol.  Wt.:  9^3.13  M.P.:  215-216  (d) 


Appearance:  Pale  orange  needles. 


Synthetic 

Procedure : 

1 

7.  Yield:  68 

Analysis: 

C 

H 

N 

S 

F  Hg 

Found 

36.5 

2.17 

11-3 

6.72 

23.1  20.7 

Calc . 

36.7 

1.85 

11.  k 

6.52 

23.2  20.4 

Spectral  Data 


Color 

Ambx. 

£ 

Thermal  Return,  Half  Life:  1.7  min. 

Unlrradlated 

Yellow 

265 

37,6oo 

7.  Conversion:  72 

(Cary  14  NIR  Source) 

445 

53,ooo 

Llghtfaatness  In  C.A.  Film:  52 

Irradiated 

Red 

550 

(Sun  hours  to  50%  fade) 

Remarka:  Cellulose  acetate  film  -  57$  conversion;  thermal  return,  half  life  -  7  min. 
Purification  solvent:  chloroform-methanol. 


f 


ABSORBANCE 
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Compound  No.:  25  Name:  Zinc  bis^l, 5 -di(o-trifluoromethyl phenyl )thiocarbazonate7 


Mol.  wt.:  847  M.P. :  167-168 

Appearance:  Orange  crystals,  green  iridescence. 

Synthetic  Procedure:  1  X  Yield:  92 

Analysis:  C  H  N  S  F  Zn 

Found  42.7  2.06  13.*,  7.06  27.1  7.25 

Calc.  42.5  2.14  13.2  7.56  26.9  7.71 


Spectral  Data 


Unirradiated 


Irradiated 


Color 

A  Max. 

£ 

Orange 

270 

33,700 

350  (sh) 

10,630 

500 

72,500 

Green 

645 

Thermal  Return,  Half  Life:  ca.  10  sec. 

X  Conversion:  63 

(Cary  14  N1R  Source) 

Llghtfastness  in  C.A.  Film:  26 

(Sun  hours  to  50X  fade) 


Remarks:  Cellulose  acetate  film  -  13 1»  conversion;  thermal  return,  half  life  -  less 
than  5  sec.  Purification  solvent:  ethanol -water. 
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‘‘.CoJ  COCO  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  2 6  Name:  Palladium  bis^/l ,  5 -di (o-chluro phenyl )thiocarbazonate7 


Mol.  WC.:  753.17  M.P. :  293-293-1/2 

Appearance:  Dark  blue  crystals. 

Synthetic  Procedure*  2  X  Yield:  60 

Analytic  C  H  N  S  Cl  Pd 
Found  41.9  2.15  15.1  8.21  18.5  13-9 

Calc.  41.4  2.40  14.8  8.50  18.8  14.1 


Spectral  Data 


Thermal  Return,  Half  Life:  22  sec. 

X  Conversion:  100 

(Cary  14  NIB  Source) 

Lightfastness  in  C.A.  Film:  More  than 
(Sun  hours  to  50%  fade)  80  hours 


Remarks:  Cellulose  acetate  film,  5-10$  conversion,  thermal  return  too  fast  to 
measure.  Purification  solvent:  chlorobenzene. 


Unirradiated 


Color 

Green 


Irradiated 


Orange 


A  Max 

280 

305 

450 

645 

480 

800 


(sh) 


£ 

31.100 

22.100 

31.100 

32,500 

26,600 

19,700 


I 


WAVELENGTH  (MICRONS) 


Compound  No. :  27  Marne:  Lead  his^TjJ-d^o-trifluoromethylphenylJthiocarbasonateJ 


Mol.  wt.:  989.83  M.P. :  210-211  (d) 

Appearance :  Sparking  red  crystals . 

Synthetic  Procedure:  1  X  Yield:  67 

Analysis:  C  H  N  S  F  Pb 

Found  36.6  1.88  11.9  6.6l  23.5  21.1 

Calc.  36A  1.83  11.4  6.48  23.1  21.0 


Pflta 


Color  A  Max.  £  Thermal  Return,  Half  Life:  Leas  than  10  sec 

Unlrradlated  Yellow  260  32,200  X  Conversion:  lass  than  10. 

340  (ah)  13,700  (Cary  14  NIR  Sourca) 

480  43,400 

Lightfastness  In  C.A.  Film:  31 

Irradiated  600  (?)  <Sun  hour“  t0  50*  f*d#) 


Remarks:  Purification  solvent:  chloroform-methunol . 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No. :  28  Name : Palladium  t>is^l,5-di( o -t r if luor ome thylphenyl )th ioc arbazonate/ 


Mol.  Wt.:  713-2  M.P.  .-293-1/2  - 

294-1/2 

Appearance:  Purple  crystals 

Synthetic  Procedure:  2  7.  Yield;  71 

Analysis:  C  H  N  S  F  Pd 

Found  40.4  2.23  12.6  7-32  25.7  11.9 

Calc.  40.5  2.04  12.6  7.21  25.6  12.0 


Spectral  Data 


Color  A  Max.  £ 

Unirradiated  Green  280  34,400 

308  31,800 

437  36,400 

640  35,400 

Irradiated 

Yellow  470  30,400 

795  25,200 


Thermal  Return,  Half  Life:  Less  than  10  sec. 

7.  Conversion:  100 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Fllr:  More  than  80 
(Sun  hours  to  507.  fade) 


Remarks:  Cellulose  acetate  film  -  25-3056  conversion,  thermal  return,  half  life  - 
less  than  20  sec.  Purification  solvent:  chloroform-methanol. 
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•:CoO  3CXX)  2000  1500  CM-'  1000  900  800  700 


Compound  No. :  29 


Name:  Cadmium  h i s/I , 5 -di ( o -t r if luororaethylphenyl )th ioc arbetzonat  e/ 


Cd+-  s-c 


Mol.  Wt.:  895-05  M.P.:  234-235  (d) 

Appearance:  Red  orange  crystals. 

Synthetic  Procedure:  1  X  Yield:  79 


Analysis: 

C 

H 

N  S 

F 

Cd 

Found 

39-9 

2.05 

12.9 

26.1 

x2.9 

Calc. 

40.3 

2.03 

12.5  7-17 

25.5 

12.6 

Spectral  Data 


Color 


Attax. 


£ 


Thermal  Return,  Half  Life:  Less  than  10  sec. 


Unlrradlatad  orange 


Irradiated 


270  33,900 
340  (ah)  9,950 
490  64,700 

630 


X  Convert Ion:  24 

(Cary  14  NIR  Source) 

Llghtfastness  In  C.A,  Film:  48 
(Sun  hours  to  50X  fade) 


Remarks:  Cellulose  acetate  film  -  2054  conversion,  thermal  return,  half  life  - 
ca.  45  sec.  Purification  solvent:  ethanol -water. 
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Compound  No.:  30  Name:  Mercury  bis^l,5-di(£-ethylphenyl)thiocarbazonat£7 


Mol.  Wt.:  833.33  M.P.:  234-235  (d) 

Appearance:  Orange  red  needles 

Synthetic  Procedure:  j  1  Yield:  ^ 

Analysis:  C  H  N  S  Hg 

Found  49.8  4.25  13.9  7.85  24.4 

Calc.  49.6  4.65  13.6  7-79  24.4 


Spectral  Data 


Color 

^Max. 

£ 

Unirradiated 

Orange 

270 

36,000 

498 

70,700 

Irradiated 

Blue 

610 

Thermal  Return,  Half  Life:  5*3  min. 

7.  Conversion:  84 

(Cary  14  N1R  Source) 

Lightfastness  in  C.A.  Film:  31 
(Sun  hours  to  507.  fade) 


Remarks:  Cellulose  acetate  film  -  51'^  conversion;  thermal  return,  half  life  -  lj  min. 
Purification  solvent:  chloroform-methanol. 
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i 

4000  3000  2000  1500  CM->  1000  900  800  700 


Name:  Zinc  his/1,5 -di(2-ethylphenyl Hhioearbazonate/ 


Compound  No. *  31 


Mol.  Wt. :  689.IO  M.P. :  282-283 

Appearance : Purple  solid,  green  Iridescence. 

Synthetic  Procedure:  1  %  Yield:  '0 

Analysis:  C  H  N  s  Zn 

Found  59.3  5.U0  16.2  9.67  9.30 

Calc.  59-3  5.57  16.3  9.32  9.50 


Spectral  Data 


Color 

A  )fax. 

1 

Thermal  Return,  Half  Life;  30 

Unlrradlated 

280 

X  Conversion:  66 

Bluish  Red 

30,700 

(Cary  14  NIR  Source) 

365  (sh) 

10, 950 

540 

94,900 

Llghtfastness  In  C.A.  Film:  57 

Irradiated 

690 

(Sun  hours  to  50%  fade) 

Weak  Violet 

Remarks:  Cellulose  acetate  film  -  45$  conversion;  thermal  return,  half  life  - 
10  to  20  sec.  Purification  solvent:  chloroform -methanol. 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No. :  32  Name:  Lead  Ms/1,5  -di(£-ethyl;phenyl )thiocaxbazonate7 


Mol.  Wt . ;  830.63  M.P.:. 196-197  (d) 

Appearance :  Maroon  needles 

Synthetic  Procedure:  1  X  Yield:  15 

Analysis:  C  H  N  S  Pb 

Found  1(8.7  4.21  13.3  8.20  25.1 

Calc.  I19.2  4,62  13.5  7.73  25.0 


Spectral 

Data 

Color 

A  Mix. 

£ 

Thermal  Return,  Half  Life:  Less  than  10  sec. 

Unlrradlated 

X  Conversion:  29 

Bed 

270 

37,300 

(Cary  14  NIR  Source) 

355  (eh) 
525 

15,100 

69,000 

Llghtfaatnesa  In  C.A.  Film:  18 

Irradiated 

(Sun  hours  to  50X  fade ) 

Weak  violet 

660 

Remarks:  Purification  solvent:  chloroform-methanol. 


1 
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4000  3000  2000  1500  CM-*  1000  900  800  700 


Compound  No.:  33  Name:  Cadmium  bis/I,5-dl(j3-ethylphenyl)thiocarbaaonate7 


M.P.:  237-238 
solid. 


X  Yield:  21 

N  S  Cl 
15.2  8.52  15.2 
15.2  8.72  15.3 


Color 

A  Max. 

£ 

Unlrradlatad 

Red 

278 

36,600 

3*5  (•*) 

12,850 

525 

96,000 

Irradiated 

665 

Weak  Violet 

Thermal  Return,  Half  Life:  7.4  sec. 

X  Conversion:  56 

(Cary  14  NIR  Source) 

Lightfastness  In  C.A.  Film:  22 
(Sun  hours  to  50X  fade) 


Remarks :  Purification  solvent:  chloroform-methanol. 


WAVELENGTH  (MICRONS) 


Compound  No.:  34  Name :  Zinc  bis7l,5-<li(p-chlorophenyl  )thiocarbazonate7 


Mol.  Wt.:  713.66  M.P.:  284-285  (d) 

Appearance:  Purple  solid,  green  iridescence. 

Synthetic  Procedure:  1  7.  Yield:  83 

Analyaia:  C  H  N  S  Cl  Zn 

Found  43.5  2.50  15.9  9.27  20.0  9.40 

Calc.  43.8  2.54  15.7  8.98  19.9  9.16 


Spectral  Data 


Color 

Amx. 

£ 

Unirradiated 

Bluish  Red 

280 

33,ioo 

370 

11,850 

540 

97,000 

Irradiated 

Violet 

685 

Thermal  Return,  Half  Life:  28  sec. 

%  Converaion:  64 

(Cary  14  NIR  Source) 

Llghtfaatneaa  in  C.A.  Film:  35 
(Sun  hour*  to  507.  fade) 


Remarks:  Purification  solvent:  chloroform-methanol. 
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Compound  No.  ; 


35  Name:  Mercury  bis/l,5Hii(£-chlorophenyl)thiocarbazonate7 


Mol.  Wt.:  8148.89  M.P. :  259-260 

Appearance:  Red  microcry  tals 
Synthetic  Procedure:  1  X  Yield:  55 


Analyaia:  C 
Found  36.7 
Calc.  36 .8 


H 

2.22 

2.1U 


N 

13.0 

13.2 


S  llg 
7-10  23.7 
7.55  23.6 


Spectral  Data 


Col.r 

Ambx. 

1 

Thermal  Return,  Half  Life: 

Unlrradiatad 

Orange 

1*95 

7 

X  Converalon:  90 

(Cary  14  NIR  Source) 

Irradiated 

Llghtfaatneas  in  C.A.  Film: 

Blue 

610 

(Sun  houra  to  50%  fade) 

Remark*:  Poor  solubility  in  CHgClg,  Insoluble  in  cellulose  acetate  film. 
Purification  solvent;  tetrahydrofuran -methanol. 


ABSORBANCE 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.  i  36  Mum:  Lead  ble/I,5-dl(£^hlorophenyl)thlocarbaronai:e7 


Mol.  wt.:  855.63 

Appearance :  Red -brown 

Synthetic  Procedure: 

Analyele:  C  H 

Pound  36.I  1-94 

Calc.  36.5  2.12 


M.P.:  268-269  (d) 

lrldeacent  powder. 

1  X  Yield:  50 
N  S  Cl  Pb 

13.2  7.67  16.7  24.0 
13.1  7.49  16.6  24.2 


imtHl  Putt 


Color  A  Max.  1 


Unirradiated 


Irradiated 


Thermal  Return.  Half  Life: 

X  Converalon: 

(Cary  14  NIR  Source) 

Llghtfaetneee  In  C.A.  Film: 
(Sun  houra  to  50X  fade) 


Remarka;  Too  lnaoluble  to  evaluate  in  CHgClg.  Washed  with  acetone  for  purification. 


ABSORBANCE 
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i 


Compound  No. : 


37  N»*«:  Cadmium  bis/1, 5 -di(j>-chlorophenyl)thiocarb*tfonate7 


Mol.  wt.s  760.82  M.P. :  294(d) 

Appearance :  Orange  solid 


Synthetic  Procedure: 

Analysis:  C  H 

Pound  41.1  2.36 

Calc.  41.0  2.38 


1  X  Yield:  6l 

N  S  Cl  Cd 
14.7  8.91  18.8  14.8 
14.2  8.32  18.7  14.8 


gmtrtl  Pf*« 


Color  A  Max.  £ 


Unirradiated 


Irradiated 


Thermal  Return,  Half  Life: 

X  Conversion: 

(Cary  14  NIR  Source) 

Li|htfaatnaaa  In  C.A.  Pile: 
(Sun  hours  to  SOX  fade) 


Remark*:  Too  Insoluble  to  evaluate  in  CH^l^r  cellulose  acetate  fils. 
Purification  solvent:  dlasthylf omaalde . 


i 

i 
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4000  3000  2000  1500 


CM-1 


1000  900 


800 


r(00 


Compound  No.:  36  Nam:  Palladia*  bis^I,5-di(j£-chlo:rophenyl)thiocarbaxon*te7 


M4-S-C 


\ 


l-MH— ^Q^c: 

►n— 


Hoi.  Wt.:  750.12  M.P.:  305-306  (d) 

Appearance:  Gray -black  powder 

Synthetic  Procedure:  2  X  Yield:  67 

Analysis:  C  H  N  S  Cl  Pd 

Pound  41.0  2.39  14.8  8. 50  19.1  13*5 

Calc.  41.3  2.41  14.9  8.50  18.8  14.2 


Color 

Unlrradlated  Violet 

Irradiated 


Amox. 

510 

560  (ah) 


Thermal  Return,  Half  Life:  Very  fast. 

X  Conversion:  Eat.  5$ 

(Cary  14  NIR  Source) 

Llghtfaetnses  In  C.A.  Film: 

(Sun  hours  to  SOX  fade) 


Remarks:  Poor  solubility  In  CHgClg,  unsoluble  In  cellulose  acetate  film. 
Purification:  slurried  with  acetone. 
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(. 


-4000  3000  2000  1300  CM-'  1000  900  800  700 


WAVELENGTH  (MICRONS) 


Compound  No.:  39  Name:  Zinc  Ma^I,5-di(m-chlorophenyl)thiocarbazonate7 


Mol.  Mt.:  713-66  M.P. :  258-258-1/2 

Appearance :  Maroon  Iridescent  crystals. 

Synthetic  Procadura:  1  X  Yield:  55 

Analysis:  C  H  N  S  Cl  Zn 

Found  44.1  2.87  15.9  8.59  20.0  8.90 

Calc.  43.0  2.54  15.7  8.98  19,9  9.16 


Color 

AMaX. 

£ 

Thermal  Return,  Half  Life:  22-23  *ec 

Unirradiated 

Red 

200 

34,500 

X  Convaralon: 

(Cary  14  NIR  Source)  59 

365 

11,050 

530 

09,300 

Lightfastnees  in  C.A.  Film:  32 

Irradiated 

Violet 

600 

(Sun  hours  to  50X  fade) 

Remarks:  Purification  solvent:  tetrahydrofursr.  ethanol. 


•  - 


I 

I 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Mol.  wt.:  848.89  M.P. :  242-243  (d) 

Appearance :  Orange  crystals 

Synthetic  Procedure:  i  X  Yield:  fryf, 

Analysis:  C  H  N  S  Cl  Hg 

Found  36.6  2.56  I3.3  7.20  16.5  23.5 

Calc.  36.8  2.14  13.2  7.55  16.4  23.6 


Sosctral  Data 


Color  A  Max.  £ 


Unlrradiatad 

Orange 


Irradiated 

Blue 


270 

305  (ah) 
485 

600 


27,200 

14,300 

60,900 


Thermal  Return,  Half  Life: 

X  Conversion:  87 

(Csry  14  NIR  Source) 

Lightfastness  In  C.A.  Film:  56 

(Sun  hours  to  50X  fade) 


Remarks:  Purification  solvent:  benzene. 


I  . 
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Compound  No . :  hi 


Nine:  Palladium  tia^i,5-di(m-chlorophenyl)thiocarba*onate7 


Mol.  Wt.:  753.12  M.P.:  277-278  (d) 

Appearance:  Black  nolld 

Synthetic  Procedure:  2  X  Yield:  ho 

Analyele:  C  H  N  S  Cl  Pd 

Found  hi. 7  2.61  lh.9  8.75  19.0  lh.2 

Calc.  hl.h  2. hi  lh.9  8.51  18.9  14.2 


imml  a»y* 


Color 

A  Max. 

£ 

Thermal  Return,  Half  Life Very  fast 

Unirradiated 

Qreen 

260 

h52 

6h0 

X  Conversion:  Est.  58^ 

(Cary  14  MIR  Source) 

Irradiated 

Orange 

Lightfaetness  in  C.A.  Film: 

(Sun  hours  to  50X  fads) 

Remarka :  Poor  solubility  in  CH2CI2,  Insoluble  cellulose  acetate  film.  Purification 
solvent:  tetrahydrofuran. 
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Compound  No . :  42 


Name:  Lead  bis/1,5 -di(m-chLorophenyl)thiocarbazonate7 


Mol.  wt.s  855.63  M.P. : 241-242  (d) 

Appearance:  Bronte  mlcroneedles 

Synthetic  Procedure:  1  X  Yield:  35 

Analyala:  C  H  N  S  Cl  Fb 

Found  37.I  2.38  12.2  7.^3  15.8  23.8 

Calc.  36.5  2.12  13.1  7.49  16.6  24.2 


Spectral  Data 


Color  Amox.  £ 

Unirradiated 

Pale  pink  -  sat.  solution. 


Thermal  Return,  Half  Life: 

7.  Conversion: 

(Cary  14  NIR  Source) 


Irradiated 


Llghtfastneaa  in  C.A,  Film: 
(Sun  hours  to  50%  fade) 


Remarks:  Too  Insoluble  to  evaluate  in  CH2C12.  Purification  solvent:  tetrahydrofuran. 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  43  Name:  Cadmium  bis/IjJ-difm-chlorophenylJthiocarbazonate/ 


760.82  M.P. :  288-289  (d) 
Orange  solid 


Mol.  Wt.: 

Appearance : 

Synthetic  Procedure: 

Analysis:  C  H 

Pound  40.9  2.40 
Calc.  41.0  2.38 


1  X  Meld:  37 

N  S  Cl  Cd 
14.4  8.26  18.5  14.3 
14.8  8.32  18.7  14.8 


Spectral  Data 


Color  Afcx.  jfc  Thermal  Return,  Half  Life: 

Unirradiated  *  Conversion: 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Film: 

Irradiated  (Sun  hours  to  50%  fade) 


Remarka:  Pool  solubility  in  CH2C12.  Purification  solvent:  tetrahydrofuren- 
methanol. 
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4000  3000  2000  1500  CM-'  I  COO  900  800  700 


Mol.  wt.:  831.37  M.P. :  Pll-212  (d) 

Appearance:  Dark  red  micro  needles. 

Synthetic  Procedure:  1  X  Yield:  66 

Analyela:  C  H  N  S 

Found  42.6  3-52  13-5  8.05  24.4 

Calc.  43.3  3.64  13.5  7.72  24.1 

Spectral  Data 


Color 

Ambx. 

£ 

Thermal  Return,  Half  Life: 

Unlrradlated 

X  Conversion:  86 

Pinky  Orange 

270 

29,200 

(Cary  14  NIR  Source) 

320  (sh) 

21,500 

510 

72,000 

Llghtfaatnees  In  C.A.  Film: 

Irradiated 

(Sun  hours  to  507.  fade) 

Blue 

620 

Remarks :  Purification  solvent:  benzene. 


! 


Compound  No. :  45  Name:  Mercury  bi6/l,5-di(m-methoxyFhenyl)thiocarba£onate7 


:  190-191  (d) 


X  Yield:  4o 

S  Hg 

7.70  24.6 

7.71  24.1 


Color 

A  Max. 

£ 

Thermal  Return,  Half  Life: 

Unirradiated 

Orange 

270 

31,200 

X  Conversion:  83 

(Cary  14  NIR  Source) 

320  (»h) 
490 

12,450 

64,200 

Llghtfastnass  in  C.A.  Film:  37 

Irradiated 

Blue 

600 

(Sun  hours  to  50X  fade) 

Remark*:  Purification  solvent:  benzene 
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Compound  No.:  46  Name: Mercury  bis^I,5-di(o-fluorophenyl)thiocarbazonate7 


Mol.  Wt.:  783.06  M.P. :  21*0-21*0-1/2  (d) 

Appearance:  Fine  orange  needles. 

Synthetic  Procedure:  1  %  Yield:  80 

Analyala:  C  H  N  S  F  Hg 

Found  39.9  2.44  l4.4  8.68  9.70  25.3 

Calc.  39.9  2.32  14.3  8.18  9.70  25.6 


ictral  Data 


Color  Amsx.  1  Thermal  Return,  Half  Life:  62  min. 

Unlrradlated  Orange  260  34,600  *  Conversion:  90-95 

485  52,800  (Cary  14  NIR  Source) 

Llghtfaatneaa  In  C.A.  Film: 

Irradiated  Blue  590  (8un  hours  to  50%  fade) 


Remarks:  Insoluble  in  cellulose  acetate  film.  Purification  solvent:  tetrahydrofuran. 
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Compound  No.:  47  Name: Zinc  bis^l,5-di(o-fluorophenyl)thlocart>azonate7 


Mol.  wt.:  648.83  M.P. :  240-241  (4 ) 

Appearance:  Green  irideacent  needle a . 

Synthetic  Procedure:  1  X  Yield:  90 

Analysis:  C  H  N  S  *  Zn 

Pound  47.7  3-04  17.1  9.95  U.7  9.85 

Calc.  48.2  2.80  17.3  9.98  U.7  10.1 


Bft£i 


Color 

A  Max. 

1 

Unlrradlatad  _  . 

Bluish  Red 

275 

28,340 

370 

12,500 

527 

84,100 

Itr““*tPloUt 

680 

Thermal  Return,  Half  Life:  33  ®ec . 

X  Conversion:  63 

(Cary  14  NIR  Source) 

Llghtfastnees  In  C.A.  Film:  26’ 
(Sun  hours  to  SOX  fade) 


Remarks:  ’flcatlon  solvent:  chloroform -methanol. 


r  ■  - 
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Mol.  wt.:  790.36  M.P.:  208-209 

Appearance:  Reddish -brown  iridescent  micro 
crystals . 

Synthetic  Procedure:  1  X  Yield:  25 

Analysis:  C  H  N  S  F  Fb 

Found  39,9  2.30  13.9  8.30  9.3  26.5 

Calc.  39,5  2.30  14.2  8.12  9.6  26,2 

Spectral  Data 


Color 


Attax. 


£ 


Unirradiated 

Red 


Irradiated  si.  Bluish- 
Red 


Thermal  Return,  Half  Life: 

X  Conversion: 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Film: 
(Sun  hours  to  507.  fade) 


Remarks: 


Purification  solvent:  chlorobenzene. 
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•  I 


Compound  No.:  49  Name:  Palladium  bia/l^-d^o-fluorophenyljthiocarbazonate/ 


Pd 


Mol.  wt..  689.15  M.P.:  265-286  (d) 

Appearance : Purple  Iridescent  microcrystals . 

Synthetic  Procedure:  2  X  Yield:  27 

Analyela:  C  H  N  s  F  Pd 

Pound  45.1  2.56  16.5  9.34  11,3  15.4 

Calc.  45.3  2.63  I6.3  9.31  11.0  15.4 


Spectral  Data 


Color  A  Max.  £ 


Unirradiated 

Yellowish  Green 


Irradiated 


Thermal  Return,  Half  Life: 

X  Converalon: 

(Cary  14  NIR  Source) 

Llghtfastneaa  In  C.A.  Film: 
(Sun  hours  to  50%  fade) 


Remark*:  Poor  solubility  in  CHgClg.  Purification  solvent:  chlorobenzene. 


TT  '■ 


« 


4000  3000  2000  1500  CM-'  1000  900  800  700 


i . . . . i ........  .  i  ...  ,  ,  .  ,  ,  i . . . i .........  i . i 


WAVELENGTH  (MICRONS) 


Compound  No.:  50  Name:  Palladium  bis/I, 5 -di(je-methoxyphenyl)thiocarbazonate7 


Mol.  wt.:  737.46  m.p.  •  254-255  (d) 

Appearance :  Purple  iridescent  plate3. 

Synthetic  Procedure:  2  7.  Yield:  50 

Analytic  C  H  N  S  Pd 
Found  L8.9  4.11  15.1  8.79  14.7 

Calc.  49.0  4.11  15-3  8.72  14.5 


Spectral  Data 


Color 

Amsx. 

1 

Thermal  Return,  Half  Life: 

Unlrradlated  Green 

275 

34,850 

%  Conversion:  100 

475 

25,600 

(Cary  14  NIR  Source) 

565 

33,100 

650 

35,900 

Llghtfattness  in  C.A.  Film: 

Irradiated 

(Sun  hours  to  50%  fade) 

Orange 

510 

35,200 

800 

24,300 

Remarka : 


Insoluble  in  cellulose  acetate  film.  Purification  solvent: 
tetrahydrofuran -methanol . 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Mol.wt.:  737-46  M.P. :  251-252  (d) 


Appearance:  Purple  iridescent  plates. 


Synthetic  Procedure: 

Analysis:  C  H 

Found  49. 2  4.09 
Calc.  49.0  4.11 


2  X  Yield:  26 

N  S  Pd 

15.2  8.67  14.7 

15.3  8.72  14.5 


Spectral  Data 


Color 

A  Max. 

* 

Unirradiated  Green 

285 

38,600 

455 

32,900 

64o 

32,300 

Irradiated  Yellw 

490 

29,800 

790 

20,800 

Thermal  Return,  Half  Life: 

X  Conversion:  100 

(Cary  14  KIR  Source) 

Llghtfastnese  in  C.A.  Film: 
(Sun  hours  to  50X  fade) 


Remarks:  Insoluble  in  cellulose  acetate  film 
t  e  t  r ahydro fur an -me thanol . 


Purification  solvent: 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


3  4  5  6  7  8  9  10  11  12  13  14  15 

WAVELENGTH  (MICRONS) 


Compound  No.:  52  Name:  Zinc  bis/l ,  5 -di(m-mcthoxyphenyl )thiocar bazonate/ 


Mol.  wt.:  696.10  M.P. :  202-203  (d) 

Appearance:  Green  iridescent  microcrystals. 

Synthetic  Procedure:  1  7.  Yield:  6/ 

Analyala:  C  H  N  S  Zn 

Found  51.9  4.  45  16.4  9.18  8.99 

C»lc-  >1.7  4.34  16.1  9.21  9.40 


Spectral  Data 


Color 

A  Max. 

£ 

Thermal  Return,  Half  Life:  18  sec 

Unlrradlated 

7.  Converalon:  64 

Red 

282 

30,000 

(Cary  14  N1R  Source) 

** 

350 

12,000 

532 

88,100 

Llghtfaatneaa  in  C.A.  Film:  i>9 

Irradiated 

(Sun  houra  to  507.  fade) 

Bluish  Red 

680 

1 


Remarks:  i'urit’ication  solvent:  chloroform-men." nol. 
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» 


Mol.  Wt.:  838.67  M.P.j  207-209  (d) 

Appearance:  Maroon  micro  crystals. 

Synthetic  Procedure:  1  I  Yield: 56 

Analysis:  C  H  N  S  Fb 

Found  41.9  3.20  13.2  7.72  23.7 

Calc.  43.0  3*61  13. 7.65  24.7 


Color 

Unlrradlated  Pink 

Irradiated 


^Mex. 

£ 

Thermal  Return,  Half  Life: 

280 

33,6oo 

X  Conversion:  22 

340 

14,400 

(Cary  14  Nik  Source) 

520 

62,700 

Lightfastness  in  C.A.  Film:  15 

650 

(Sun  hours  to  50%  fade) 

Remarks :  Re  crystallized  from  chloroform-methanol  and  chlorobenzene  .  Analysis  did 
not  change. 


« 
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Compound  No.  :  54 


Name:  Mercury  bifl^l,5-di(m-fluorophenyl)thiocarbazonate7 


Mol.  wt.:  733.06  M.P. :  236-237 

Appearance :  Orange  solid 

Synthetic  Procedure:  1  X  Yield:  65 

Analyala:  C  H  NS  F  Hg 

Found  **0.2  2.30  14.3  8.19  9.92  25.6 

Calc.  39-9  2.32  14.3  8.19  9.70  25.6 


Spectral  Data 


Color 

Amkx. 

£ 

Thermal  Return,  Half  Life: 

Unirradiated 

Orange 

270 

1*85 

36,300 

63,200 

X  Conversion:  66 

(Cary  14  NIR  Source) 

Irradiated 

Blue 

595 

Lightfastness  In  C.A.  Film: 
(Sun  hours  to  SOX  fade) 

f 


1 


Remarks :  Purification  solvent:  tetrahydrofuran -methanol. 


I 
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Compound  No. j  55  Name:  Mercury  bis/l, 5 -di(j5-fluorophenyl)thiocarbazonate7 


Mol.  wt.:  783.06  M.P. :  245-246 


Appearance:  Rea  nicro  crystals. 


Synthetic  Procedure: 

Analyele:  C  H 
Found  39-7  2.1** 
Calc.  39.9  2.32 


1  X  Yield:  38 

N  S  Hg 

14.1  7.77  25.9 
14.3  0.19  25.6 


Spectral  Data 


Color  A  Max.  £ 

Unirradiated 

Yellow  ?65  28,300 

305  (ah)  14, 600 
485  56, 300 

Irradiated 

Blue  590 


Thermal  Return,  Half  Life: 

X  Conversion:  81 

(Cary  14  N1R  Source) 

Llghtfastnaes  In  C.A.  Film: 
(Sun  hours  to  50%  fade) 


Remarks:  Purification  solvent:  chlorobenzine  followed  by  trituration  with  methanol. 
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I 

/  5 


4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  56  Name: Zinc  bis/T,5-di(m-fluorophenyl)thiocarbazonate7 


Mol.  Wt.:  647.83  M.P. :  244.5-245(d) 

Appearance:  Maroon  solid 

Synthetic  Procedure:  1  %  Yield:  23 

Analyela:  C  H  N  S  F  Zn 

Found  48.4  3. 05  17-3  10.0  11.8  9-75 

Calc.  48.2  2.80  17.3  9.98  11.7  10.1 


Spectral  Data 


Color 


Unirra.. 'ated 
Red 


Irradiated 

Bluish  Red 


Amsx. 

£ 

Thermal  Return,  Half  Life: 

%  Conversion:  69 

275 

29/400 

(Cary  14  NIR  Source) 

360 

11,500 

528 

89,800 

Lifthtfastness  in  C.A.  Film 
(Sun  hours  to  50%  fade) 

68o 

Remarks ;  j’uriflcation  solvent:  chloroform-methanol. 


T 
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4000  3000 


2000 


1500 


CM-* 


1000  900 


800 


700 


WAVELENGTH  (MICRONS) 


Compound  No.  :  57 


Name:  Zinc  bl8/i,5'-di(2-fluorophenyl)thiocarbazonate7 


Mol.  Wt.:  647.83  M.P. :  274-275  (d) 

Appearance:  Maroon  solid 

Synthetic  Procedure:  1  X  Yield:  32 

Analysis:  C  H  N  S  F  Zn 

Found  48.2  3.08  17.3  9-88  12.3  9.6 

Calc.  48.2  2.80  17.3  9.98  11.7  19.1 


Pfa 


Color 

A  Max. 

1 

Thermal  Return,  Half  Life: 

Unlrradlated 

X  Conversion:  66 

Bed 

275 

27,100 

(Cary  14  NT*  Source) 

360 

10,700 

525 

87,100 

Llthtfastnees  In  C.A.  Film 

Irradiated 

(Sun  hours  to  50%  fade) 

Bluish  Bad 

670 

Remarks:  Purification  solvent:  tetrahydro  fur  an -methanol . 


84 


4000  3000  2000  1500  CM-»  1000  900  800  700 


Compound  No. :  58 


Name:  Lead  bis/T,5-di(in-fluorophenyl)thiocarbazonate7 


Mol.  Wt.:  790.36  M.P. :  216-217 

Appearance:  Maroon  solid. 

Synthetic  Procedure:  1  7.  Yield:  30 

Analyst*:  C  H  NS  F  Fb 

Found  1*0.0  2.62  14.2  8.14  9.87  26.1 

Calc.  39.5  2.30  14.2  8.19  9.62  26.2 


Spectral  Pats 


Color 


Ambx. 


£ 


Unirradiated 

Red 


Irradiated 


Thermal  Return,  Half  Life: 

7.  Conversion: 

(Cary  14  NZR  Source) 

Lightfastness  in  C.A.  Film; 
(Sun  hours  to  507.  fade) 


lemarKs:  Limited  solubility  in  CHgClg.  Purification  solvent:  tetrahydrofuran- 

lat  *  hanol , 
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Compound  No . :  59  Name : 


Palladium  bia/I, 5 -di (^-ethylphenyl Jthiocarbazonate/ 


Mol.  Wt.:  729-^2  M.P. : 

Appearance : 

Synthetic  Procedure:  X  Yield: 

Analyele:  C  H  N  S 

Found 

Calc. 


Spectral  Data 


Color  Ambx. 

* 

Thermal  Return,  Half  Life: 

Unlrradiatad 

X  Conversion: 

(Cary  14  NIR  Source) 

Llghtfaetness  in  C.A.  Film: 

Irradiated 

(Sun  hours  to  50X  fade) 

Remarks:  Product  gave  very  poor  analysis,  will  be  resynthesized. 
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Compound  No. :  60 


Name:  Zinc  bif/I>5"di(£-n>ethoxyphenyl)thiocarbazonate7 


Mol.  Wt.:  696.IO  M.P.:  254-254,5 

Appearance:  Green  iridescent  solid. 

Synthetic  Procedur t:  1  7.  Yield:  4$ 

Analysis:  C  H  N  S  Zr 

Found  51.9  4.33  16.2  9.32  9-39 

Calc.  51.8  MU  16.1  9.21  9.39 


Spectral  Data 


Color 

Anax. 

£ 

Thermal  Return,  Half  Life: 

Unirradiated 

X  Conversion:  6l 

link 

280 

24,400 

(Cary  14  NIR  Source) 

315 

17,150 

545 

93,000 

Lightfastness  in  C.A.  Film:  45 

Irradiated 

(Sun  hours  to  50%  fade) 

Bluish  Pink 

690 

f 


i 


Remarks:  iXirification  solvent:  chloroform-methanol. 
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4000  3000 


2000 


1500 


CM-* 


1000  900 


800 


700 


WAVELENGTH  (MICRONS) 

Compound  No . :  61  Name:  Lead  bis/l,5-di(£-methoxyphenyl)thiocarbazonate7 


Mol.  Wt.:  838.67  M.P. :  191-192 

Appearance:  Maroon  solid. 

Synthetic  Procedure:  1  X  Yield:  2 1* 

Analysis:  C  H  N  S  Fb 

Found  42.8  3-33  13.4  8.14  24.5 

Calc.  43.0  3.61  13.4  7.65  24.7 


Soectrsl  Data 


Color 


Ambx. 


£ 


Thermal  Return,  Half  Life: 


Unlrradlated  PinJc  320  (sh)  21,200 
530  65,400 


Irradiated 


620  (?) 


7.  Conversion:  Less  than  10$. 

(Cary  14  NIR  Source) 

Lightfastness  in  C.A.  Film:  15 
(Sun  hours  to  50X  fade) 


Remarks : 


Purification  solvent:  tetrahydrofuran-uethnnol. 


88- 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No. :  62  Ncme:  Palladium  bis/I, 5 -di(m-fluorophenyl)thiocarbazonate7 


Mol.  Wt.:  838.67  M.P.:  285-285.5 

Appearance:  Dark  purple  solid 

Synthetic  Procedure:  2  X  Yield:  25 

Analysis:  C  H  N  S  F  Pd 

Found  45.6  2.87  16.2  9.06  11.5  l1'. 9 

Calc.  45.3  2.63  16.3  9.31  11.0  15.<> 


Spectral  Data 


Color 


Amsx. 


£ 


Thermal  Return,  Half  Life: 


Unlrradlatad 


Pale  Qreen 


Irradiated 


Yellow 


X  Conversion: 

(Cary  14  NIR  Source) 

Llghtfastness  in  C.A.  Film: 
(Sun  hours  to  50X  fade) 


Remarks .  Poor  solubility  in  CH5CI0.  Purification  solvent:  tetraiiydrofuran- 
methanol.  ‘  * 


l 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No. :  63  Name:  Palladium  bis^l,5-di(£-fluorophenyl)thiocarbazonate7 


Mol.  wt.:  680.99  M.P.:  310-311 

Appearance:  Dark  purple  solid. 

Synthetic  Procedure:  2  X  Yield:  20 

C  H  N  S  pa 

45.4  25  7  16.2  9.04 
45.3  2.63  16.3  9.31  15-0 


s-c 


/ 


\ 


— <oV 

-<o>- 


Analyeis: 

Pound 

Calc. 


^pe^ypl  Data 


Color  A Max.  £ 
Unirradiated  Green 


Irradiated 


Yellov 


Thermal  Return,  Half  Life: 

X  Convereion: 

(Cary  14  NIR  Source) 

Lightfaetneee  in  C..\  Film: 
(Sun  houre  to  50X  fade) 


Remarke:  Poor  solubility  in  CH2C12. 


Purification  solvent:  chlorobenzene. 
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4000  3000  2000  1500  CM-'  1COO  9C0  COO  ?00 


Compound  No.:  64  Name:  Lead  bis^l,5_di(£“fluorophenyl)thlocarbazonate7 


Mol.  Mt.:  789.78  M.P. :  236-237  (d) 

Appearance:  Maroon  micro  needles. 

Synthetic  Procedure:  1  7.  Yield:  45 

Analysis:  C  H  N  S  F  Pb 

Found  39-8  2.59  14.4  9.02  9.79  26.5 

Calc.  39.5  2.30  14.2  8.12  9*62  26.2 

Spectral  Data 

Color  Ambx.  £  Thermal  Return,  Half  Life: 

Unlrradlated  pj-j.  7.  Conversion: 

(Cary  14  NIR  Source) 

Lightfastness  In  C.A.  Film: 

Irradiated  (Sun  hours  to  507.  fade) 


T 


Remarks : 


Poor  solubility  In  CH2CI2. 


Purification  solvent:  tetrahydrofuran. 
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4000  3000  2000  1500  CM-'  1000  900  800  700 


Compound  No.:  65  Name:  1 , 5 -Diphenylc arbazone 

Mol.  Wt.:  240.26  M.P. :  126-127 

Appearance:  Orange -yellow  needles 

Synthetic  Procedure:  *  X  Yield:  50 

Analysis:  C  H  N  S 

Found 
Calc. 

Spectral  Data 


Color  A»tox. 


* 


Thermal  Return,  Half  Life: 


Unlrradlater* 

Weak  Pink  455  636 

560  440 


Irradiated 

Yellow 


X  Conversion: 

(Cary  14  NXR  Source) 

Llfhtfastness  In  C.A.  Film: 
(Sun  hours  to  SOX  fade) 


Remarks:  *da  Silva,  J.,  Calado,  J.  and  de  Moura,  M.  L.,  Tantala  11,  9^3  (1964). 
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FIGURES  i  -  10 


%  TRANSMITTANCE 


FTJ  'HE  1 


SPECTRAL  CURVES  OF  2.6  1  iO“5  M  MEIHYLMERCURY 
1 , 5-DIPHENYLTH I^CARBA  V 'NATE  IN  METHYLENE 
CHLORIDE  { 1—  3M .  CELL) 


■Tv..93AI>  JADED 
.v3.hADIADED 


%  TRANSMITTANCE 


FliJRE  2 


SPECTRA!  CURVES  C?  1.54  X  10”5  M  MERCURY 
BIS  ( 1 5  5 -  J IPHFNYLTH I CAEBAZONATE  )  IN  METHYLENE 
-HLCEIDE  (l-  ;M.  CELL) 


icvtrfadia  rrs 

:.iiA:'-rA-.7E; 


FI3URE  4 


SPEOJ^L  CURVES  CF  7.28  X  iO"6  M  ZINC  BIS- 
/7,  S-DI.  ^-ME'PHOXYErT.ENYL  VlTi  IOCARBAZ^NATg? 
v?  IN  MKEZLEKE  OEb:RJjE  (l-C'f..  CELL) 


tt\’ipea:\ia7e:- 
i^a:‘  .a  i-k 
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FIQURE  5 


SPECTRAL  CURVES  OF  2.1  X  10-5  M  PALLADIUM  BIS- 
/I^-DI^-ErarLPHENYLjTHIOCARBAZONAl^, 


UNIRRADIATED 

IRRADIATED 


FIGURE  6 


SPECTRAL  C  JH7ES  r.p  1.05  X  10"5  M  BISMUTH 
this /T,  5  -I- 1  ( o -methoxy  phenyl  )  th  ioc  arjba  zoNAre7, 

0‘>M?0’''SP  J.,  IN  METHYLENE  CHLORIDE  (i-CM.  CELL) 


'^IRRADIATED 
LH-rA:  IATED 


900 


%  TRANSMITTANCE 


FIGURE  7 


SPECTRAL  C'.TRVES  OF  2.^8  X  10"5  M  TRIPHENYLLEAD 
^1,5“DIPRENYLvHIC  '’ARBAZONATS') ,  COMPOUND  10,  IN 
3®H?V‘LENE  CHLORIDE  (l-CM.  CELL) 


■"N  IRRADIATED 
IRRADIATED 


%  TRANSMITTANCE 


-ICS- 


\ 


FIGURE  9 

SPECTRAL  CURVES  OF  2.5  X  10~5  M  SILVER 
lx  5 -Cl  ( O-ETHYLPHENYL  )TH  IOCARBA  ZONATE, 


COMPOUND  6t  IN  METHYLENE  CHLORIDE  (l-CM.  CELL) 


-  UN LR  RADIATED 

— -  IRRADIATED 


%  TRANSMITTANCE 


re  ;-j 


SPE'-RAl  P"ES  \F  ^  .  3-1  *  lO-^  fc  PLATINUM 
^IS/7  '  '-ET-  /L^EN  -I '  T- 10  ~,ARBAZ0NATE7, 

r.v[p-  r\.  tv  met-  I.F-.  ;  -L'-RI^E  \  1~?m7cELL ;■ 


p'pr.:  •  v  -  - :  -•-■A  . a  :=  :•  s 
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mended  regarding  the  incorporation  of  these  palladium  complexes  in  textile  fibers 

Fiber  reactivity  (on  nylon)  has  been  introduced  into  the  mercury  dithizonate 
system  via  a  dichlorotriazinyl  reactive  group.  This  compound  exhibited  photo¬ 
chromic  properties  when  reacted  with  nylon. 
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